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PREFACE 


The  Electromagnetic  Compatibility  Analysis  Center  (ECAC)  is  a 
Department  of  Defense  facility,  established  to  provide  advice  and 
assistance  on  electromagnetic  compatibility  matters  to  the  Secretary  of 
Defense,  the  Joint  Chiefs  of  Staff,  the  military  departments  and  other 
DoD  components,  The  center,  located  at  North  Severn,  Annapolis, 

Maryland  21402,  is  under  policy  control  of  the  Assistant  Secretary  of 
Defense  for  Communication,  Command,  Control,  and  Intelligence  and  the 
Chairman,  Joint  Chiefs  of  Staff,  or  their  designees,  who  jointly  provide 
policy  guidance,  assign  projects,  and  establish  priorities.  ECAC 
functions  under  the  executive  direction  of  the  Secretary  of  the  Air 
Force  and  the  management  and  technical  direction  of  the  Center  are 
provided  by  military  and  civil  service  personnel.  The  technical  support 
function  is  provided  through  an  Air  Force  sponsored  contract  with  the 
ITT  Research  Institute  (IITRI). 

This  report  was  prepared  for  the  Systems  Research  and  Development 
Service  of  the  Federal  Aviation  Administration  in  accordance  with 
Interagency  Agreement  DOT-FA70WA1-1 75,  as  part  of  AF  Project  649E  under 
Contract  F-1 9628-80-C-0042,  by  the  staff  of  the  IIT  Research  Institute 
at  the  Department  of  Defense  Electromagnetic  Compatibility  Analysis 


Center 


To  the  extent  possible,  all  abbreviations  and  symbols  used  in  this 
report  are  taken  from  American  Standards  Y10.19  (1967)  "Units  Used  in 
Electrical  Science  and  Electrical  Engineering"  issued  by  the  USA 
Standards  Institute . 


T.  KEECH 

Project  tonager,  IITRI 


Assistant  Director 

Contractor  Operations 


Approved  by : 


CHARLES  L.  FLYNN,  Col 
Director 


M.  A.  SKEATH 

Special  Projects  Deputy  Director 
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EXECUTIVE  SUMMARY 

An  omnidirectional  version  of  the  Traffic  Alert  and  Collision  Avoidance 
System  (TCAS),  referred  to  in  the  past  as  the  active  Beacon  Collision 
Avoidance  System  (BCAS),  analyzed  in  this  report  provides  the  collision- 
avoidance  function  for  TCAS-equipped  aircraft  against  aircraft  equipped  with 
either  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS)  or  Discrete  Address 
Beacon  System  (DABS)  transponders.  The  Federal  Aviation  Administration  ( FAA ) 
requested  that  the  Electromagnetic  Compatibility  Analysis  Center  ( ECAC ) 
investigate  the  effect  of  TCAS  on  ATCRBS  and  DABS  performance. 

A  computer  simulation . model  of  the  proposed  TCAS  was  developed  to  predict 
the  impact  of  TCAS  emissions  on  ground-based  Air  Traffic  Control  (ATC) 
systems.  The  model  simulates  TCAS -generated  interrogations  and  merges  them 
with  interrogations  generated  by  the  ground  ATC  system  in  the  ECAC -maintained 
DABS/ ATCRBS/ A IMS  Performance  Prediction  Model  (PPM). 

Simulations  were  conducted  to  determine  the  impact  of  TCAS  emissions  on 
the  performance  of  a)  the  Long  Beach  ATCRBS  interrogator ,  and  b)  a 
hypothetical  DABS  sensor  at  Ios  Angeles  (LAX-4) ,  in  hypothesized  air  traffic 
deployments  for  the  Los  Angeles  Basin.  Seven  deployments  were  constructed  as 
subsets  of  a  hypothesized  los  Angeles  Basin  deployment.  Predictions  were  also 
made  of  the  uplink  suppression  and  interrogation  rates. 

Ground  system  performance  was  predicted  both  with  and  without  TCAS 
operation,  and  with  and  without  TCAS  employing  an  interference -limi ting 
procedure.  ATCRBS  performance  is  based  on  the  ability  of  the  processor  to 
detect  aircraft  and  to  validate  Mode  A  (identity)  and  Mode  C  (altitude)  reply 
codes.  DABS  performance  is  based  on  the  ability  of  the  DABS  sensor  to  elicit 
decodable  surveillance  and  data -link  replies  from  DABS-equipped  aircraft  with 
a  minimum  number  of  interrogations,  and  to  detect  ATCRBS  aircraft  and  receive 
Modes  A  and  C  reply  codes  with  high  confidence. 
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For  the  ATCRBS  interrogator  at  Long  Beach,  it  was  predicted  that 
deploying  TCAS,  with  or  without  interference-limiting,  in  any  of  the  various 
air  traffic  deployments: 

1.  Will  not  reduce  target  detection  probabilities. 

2.  Will  reduce  the  Mode  A  validation  probability  by  less  than  2%. 

3.  Will  reduce  the  Mode  C  validation  probability  by  less  than  2%. 

Deploying  TCAS,  with  interference-limiting,  in  any  of  the  various  air  traffic 
deployments  will  reduce  average  transponder  reply  probability  by  less  than  2%. 


For  the  hypothetical  DABS  sensor  at  Los  Angeles,  it  was  predicted  that 
deploying  TCAS,  with  or  without  interference-limiting,  in  any  of  the  various 
air  traffic  deployments: 

1.  Will  not  reduce  the  target  detection  probability. 

2.  will  not  reduce  the  high-confidence  Mode  A  validation 
probability. 

3.  Will  reduce  the  high-confidence  Mode  C  validation  probability  by 
less  than  1%. 

4.  Will  increase  the  roll-call  interrogation  rate  by  less  than  6%. 

Deploying  TCAS,  with  interference-limiting,  in  any  of  the  various  air  traffic 
deployments,  will  not  reduce  the  high-confidence  Mode  C  validation  probability 
and  will  reduce  the  average  transponder  reply  probability  by  less  than  2%. 

For  the  peak  air  traffic  deployment  simulation  (743  aircraft  within  60 
nmi  of  Los  Angeles)  with  approximatly  25%  of  the  aircraft  equipped  with  TCAS, 
it  was  predicted  that  133  of  the  188  TCAS  units  were  required  to  limit  CAS 
transmissions;  2  of  these  units  were  required  to  terminate  CAS  activity. 
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Section  1 


SECTION  1 
INTRODUCTION 


BACKGROUND 


Several  airborne  Collision  Avoidance  Systems  (CAS)  that  are  compatible 
with  the  existing  FAA  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS)  and  the 
future  Discrete  Address  Beacon  System  (DABS)  have  been  proposed.  Both  active 
and  passive  CAS  systems  are  under  development.  Passive  systems  monitor 
replies  elicited  by  ground-based  interrogations.  Active  systems  transmit 
interrogations  from  airborne  interrogators  to  elicit  replies  from  cooperating 
transponders • 

The  proposed  omnidirectional  active  Beacon  Collision  Avoidance  System 
( BCAS ) , 1 '  2' 4, 5,  henceforth  referred  to  as  the  Traffic  Alert  and  Collision 
Avoidance  System  (TCAS),  analyzed  in  this  study  employs  two  signal  formats, 
one  that  is  compatible  with  the  existing  ATCRBS  (Mode  C)  format  and  one  that 
is  compatible  with  the  proposed  DABS  signal  format  (Mode  S).  TCAS  is  intended 
to  provide  the  CAS  function  in  a  mixed  environment  of  DABS  and  ATCRBS 
transponder-equipped  aircraft?  it  is  capable  of  interrogating  both  Mode  C-  and 
Mode  S-equipped  aircraft. 


1  Preliminary  Draft,  Active  BCAS  Engineering  Requirement,  FAA,  Washington, 
DC,  1  June  1976. 

2 

Mann,  Patricia,  Simulation  of  Surveillance  Processing  Algorithms 
Proposed  For  The  DABS  Mode  of  BCAS,  FAA-RD- 77- 1 38,  FAA,  Washington,  DC, 
February  1978. 

3 

"U.S.  National  Standard  Active  Beacon  Collision  Avoidance  System  (BCAS)," 
Federal  Register,  Vol  43,  N0246,  October  20,  1980. 

^Beacon  Collision  Avoidance  System  (BCAS)  Quarterly  Technical  Letter, 

BCAS  QTL-4-11,  Lincoln  laboratory,  Lexington,  MA,  24  July  1979. 

^Beacon  Collision  Avoidance  System  (BCAS)  Quarterly  Technical  Letter, 

BCAS  QTL-4-12,  Lincoln  laboratory,  Lexington,  MA,  22  October  1979. 
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Daring  FY-77,  the  FAA  requested  that  the  Electromagnetic  Compatibility 
Analysis  Center  (ECAC)  investigate  the  impact  of  BCAS  operation  on  ATCRBS 
performance  in  a  hypothetical  Washington,  DC,  area  1981  deployment  (based  on 
the  1975  deployment,  increased  by  3%  per  year).6  In  that  traffic  deployment, 
it  was  predicted  that  deploying  the  BCAS  would  result  in  a  slight  reduction  in 
transponder  reply  probability  but  not  sufficient  to  result  in  an  effect  on  the 
ATCRBS  ground  receiver/processor  performance.  A  similar  analysis  was 
conducted  by  ECAC  in  FY-78  to  investigate  the  impact  of  BCAS  on  ATCRBS  and 
DABS  performance  in  the  Los  Angeles  Basin.  This  analysis  was  suspended  to 

•7 

allow  time  for  BCAS  modifications  to  be  incorporated  into  the  ECAC  model. 

Following  these  studies,  the  design  for  BCAS  was  modified  to  include 
interference -limiting  features,  and  an  Automatic  Traffic  Mvisory  and 
Resolution  Service  (ATARS)  information  data  link.  In  addition,  the  Radar 
Beacon  Transponder  (RBX)  units  replaced  the  Desensitization  Control  Uhits 
(DCU)  of  the  previous  studies. 

In  view  of  these  and  other  system  changes,  and  to  further  investigate  the 
impact  of  the  TCAS  on  ATCRBS  and  DABS  performance,  ECAC  was  tasked  to  perform 
an  analysis  (similar  to  the  FY-77  Washington,  DC,  and  the  FY-78  Ios  Angeles 
studies)  in  seven  air  traffic  deployments  for  the  Los  Angeles  Basin.  These 
seven  deployments  as  constructed  are  subsets  of  a  hypothesized  peak  Los 

Q 

Angeles  Basin  deployments. 


6Theberge,  Norman,  The  Impact  of  a  Proposed  Active  BCAS  on  ATCRBS 
Performance  in  the  Washington,  DC,  1981  Ehvironment,  FAA-RD-77-1 40, 
FAA,  Washington,  DC,  September  1977. 

^Crawford,  C.  R. ,  and  Ehler,  C.  W. ,  The  DABS /ATCRBS /A IMS  Performance 
Prediction  Model,  FAA-RD-79-088,  Annapolis,  MD,  November  1979. 

Q 

Hildenberger ,  Mark,  User's  Manual  for  the  Los  Angeles  Basin  Standard 
Traffic  Model  Card  Deck/Character  Thpe  Version),  FAA-RD- 73-89,  FAA, 
Washington,  DC,  May  1973* 
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Section  1 


OBJECTIVE 


The  objective  of  the  analysis  was  to  determine  the  impact  of  the  TCAS  on 
the  performance  of  ATCRBS  and  DABS  air  traffic  control  systems  in  a 
hypothesized  Los  Angeles  Basin  air  traffic  deployment  and  in  subsets  of  that 
deployment. 


APPROACH 


Using  the  time -event-store  DABS/ ATCRBS/ A IMS  Performance  Prediction  Model 
(Reference  7)  supplemented  with  a  statistical  submodel  of  the  TCAS,  an 
analysis  was  conducted  to  determine  the  impact  of  TCAS  operation  on  the 
performance  of  the  ATCRBS  and  DABS  ground  sys terns. a  For  each  air  traffic 
deployment  of  the  Los  Angeles  Basin,  the  performance  of  ATCRBS  and  DABS  was 
predicted  both  with  and  without  TCAS  operation  (and  with  and  without  TCAS 
interference-limiting) . 

Two  ground  deployments  were  modeled,  both  of  which  were  obtained  from 
ATCRBS/ IFF  files  at  ECAC.  Hie  first,  as  specified  by  the  FAA,  consisted  of 
all  interrogators  within  a  500-nmi  radius  of  Los  Angeles.  Hie  second  differed 
from  the  first  in  that  four  specified  FAA  ATCRBS  interrogators  were  converted 
to  DABS  sensors. 

Performance  of  all  transponders  within  range  of  the  interrogator-of - 
interest  (Iq)  was  assessed  in  terms  of  the  suppression  rate,  interrogation 
rate,  and  reply  probability.  Ihe  impact  of  TCAS  on  the  ATCRBS  ground  system 
at  Long  Beach  was  evaluated  in  terms  of  variations  in  ATCRBS  fruit  rate,  DABS 
fruit  rate,  and  ARTS  III^  target  detection  and  code  validation  probabilities 
associated  with  TCAS  activity.  Hie  impact  of  TCAS  on  the  DABS  ground  system 
at  Los  Angeles  was  also  evaluated  in  terms  of  variations  in  ATCRBS  fruit  rate. 


aThe  model  description  relevant  to  this  analysis  is  contained  in  APPENIDIX  D. 

^ARTS  III  -  reply  processor  associated  with  ATCRBS  FAA  terminal  sites, 
correlates  replies  to  determine  aircraft  range,  altitude,  and  identification. 
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DABS  fruit  rate,  DABS  roll-call  transactions,  and  ATCRBS  target  detection  and 
code  confidence  probabilities  associated  with  TCAS  activity. 

It  should  be  emphasized  that  although  system  parameters  such  as 
interrogation  rates,  suppression  rates,  and  reply  probabilities  are  useful  and 
meaningful  transponder  performance  indicators,  the  parameters  of  primary 
significance  are  those  defining  the  ability  of  the  ground  system  to  perform 
its  fundamental  air  traffic  control  function  of  reliably  detecting  aircraft. 
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SECTION  2 
MODEL  INPUTS 

INTERROGATOR-OF-INTEREST  OPERATION 


To  determine  the  effect  of  TCAS  on  ATCRBS  and  DABS r  the  ground  system 
performance  with  and  without  TCAS  was  simulated  for  both  the  Long  Beach  ATCRBS 
interrogator  and  the  hypothetical  Los  Angeles  (LAX-4)  DABS  sensor.  The 
simulations  with  TCAS  deployed  were  performed  both  with  and  without  TCAS 
employing  interference-limiting  procedures.  The  characteristics  and  locations 
of  the  ATCRBS  interrogator  at  Long  Beach  and  the  DABS  sensor  at  Los  Angeles , 
along  with  the  transponder  characteristics ,  as  modeled ,  are  given  in  TABLES  1 
and  2,  respectively. 

The  Long  Beach  ATCRBS  interrogator  was  assumed  to  utilize  an  ARTS  III 
processor?  its  performance  was  based  on  the  ability  of  the  processor  to  detect 
and  to  validate  Mode  A  (identity)  and  Mode  C  (altitude)  reply  codes. 

Detection  required  receiving  5  clear  replies  from  the  21  interrogations  that 
each  aircraft  received  during  the  mainbeam  dwell  period.  Validation  required 
receiving  2  consecutive  clear  replies  to  interrogations  of  the  same  mode. 

Fruit  replies  (false  replies  uncorrelated  in  time)  that  overlapped  elicited 
replies  were  assumed  to  garble  the  desired  replies  to  the  extent  that  they 
could  not  be  properly  decoded  regardless  of  the  relative  power  levels. 

The  hypothesized  LAX-4  DABS  sensor  has  the  processing  capability  to 
decode  both  ATCRBS  and  DABS  replies.  The  performance  of  the  ATCRBS  mode  of 
DABS  is  based  on  the  ability  of  its  processor  to  detect  aircraft  and  to 
declare  high-  confidence  Mode  A  and  Mode  C  reply  codes.  Detection  required 
two  clear  framing  pulse  pairs  in  response  to  interrogations  of  either  mode. 
Declaration  of  high-confidence  mode  requires  receipt  of  a  single  composite 
clear  reply  constructed  from  the  set  of  replies  to  that  particular  mode.  DABS 
surveillance  and  data-link  performance  is  based  on  the  ability  to  elicit 
decodable  (Reference  8)  roll-call  replies  from  aircraft  located  within  its 
surveillance  and  data-link  volumes  with  a  minimum  number  of  interrogations. 

The  surveillance  and  data-link  interrogation  rates  are  variables  depending 
upon  aircraft  location  and  type.  These  rates  are  discussed  on  page  12. 
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TABLE  1 

PARAMETER  ASSIGNMENTS  IN  THE  LONG  BEACH  SCENARIO 


Long  Beach  ATCRBS  Interrogator  Characteristics 


Lati tude 
Longitude 
Power 
Scan  Rate 

Interrogation  Rate 
Mode  Interlace 
Receiver  Sensitivity  (MTL) 
Receiver  Range 
Interrogator  Type 
Cabling  Loss 

STC  (Sensitivity  Time  Control) 
Antenna  Gain  and  Be am width 
SLS  Type 


33°49  *  09MN 
1 1 8°08 1 1 6H W 
0.08  kW  (at  antenna) 

1  3  rpm 
415/s 
A,  A,  C 
-86  dBm 
60  nmi 
ATCBI-0003D 
4  dB 

40  dB  @  1  nmi 
21  dBi  for  4° 

Improved  sidelobe  suppression  (ISLS) 


Transponder  Characteristics 


Power 

Receiver  Sensitivity  ( MTL) a 
ATCRBS  Transponders 
DABS  Transponders 
Cable  Loss 

Antenna  Gain  (omnidirectional) 


0.5  kW  (at  transmitter) 

-74  dBm 
-77  dBm 
3  dB 

-2.5  dBi 


aAdded  in  proof.  The  current  version  of  the  National  Standard  (Reference  3) 
for  Mode  S  (DABS)  transponders  established  a  -74  dEkn  nominal  MTL. 
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TABLE  2 

PARAMETER  ASSIGNMENTS  IN  THE  LAX  SCENARIO 

LAX  DABS  Sensor  Characteristics 


Latitude 

33057' , 2" N 

Longitude 

1 18°24'00"W 

Power 

0.1  kW  (at  antenna) 

Scan  Rate 

13  rpm 

PRF  Interrogation  Rate 

128/sa 

Mode  Interlace 

A,  C 

Receiver  Sensitivity  (MTL) 

-88  dBm 

Range  of  Receiver 

200  nmi 

Cabling  Loss 

4  dB 

Antenna  Gain  and  Beamwidth 

21  dBi  for  4° 

SLS  Type 

Receiver  SLS 

STC  (Sensitivity  Time  Control) 

N/A 

Transponder  Characteristics 

Power 

t 

Receiver  Sensitivity  ( MTL/ 

0.5  kW  (at  transmitter) 

ATCRBS  Transponders 

-74  dBm 

DABS  Transponders 

-77  dBm 

Cable  Loss 

3  dB 

Antenna  Gain  (omnidirectional) 

-2.5  dBi 

aThe  reciprocal  of  the  time  interval  between  DABS  all-call  interrogations. 

^Added  in  proof.  The  current  version  of  the  National  Standard  (Reference  3) 
for  Mode  S  (DABS)  transponders  established  a  -74  dBm  nominal  MTL. 
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DEAD  TIMES 


Because  TCAS  transmits  ATCRBS  interrogations  and  suppressions  and  DABS 

interrogations,  the  total  dead  time  of  transponders  within  its  range  is 

increased,  thereby  reducing  their  reply  efficiency.  The  dead  times  that  were 

9  10 

assumed  for  this  analysis  are  shown  in  TABLE  3:  ' 


TABLE  3 

TRANSPONDER  DEAD  TIMES 


Transponder 


Type  Transmission 

Transponder  Type 

Dead 

Time  (ys) 

ATCRBS  In te r r oga t ion 

ATCRBS 

60 

ATCRBS-Only  Interrogation3 

ATCRBS 

60 

ATCRBS  Suppression 

ATCRBS 

35 

DABS  Interrogation 

ATCRBS 

35 

(All-Call  and  Roll-Call) 

ATCRBS  Interrogation 

DABS 

60 

ATCRBS-Only  Interrogation^ 

DABS 

35 

ATCRBS  Suppression^ 

DABS 

35 

DABS  Interrogation 

DABS 

192 

(short  reply) 

(at  transponder  address) 

248 

(long  reply) 

DABS  Interrogation13 

DABS 

35 

(not  at  transponder  address) 

DABS  All-Call  Interrogation 

DABS 

128 

RBX  Interrogation 

DABS 

1  28 

dATCRBS-only  interrogations  are  transmitted  by  DABS  sensors  and  TCAS 
interrogators • 

^This  desensitization  effect  was  modeled  as  a  suppression. 


^Notice  in  the  Federal  Register,  Vol.  43,  No.  59,  Monday,  March  27,  1978, 
Part  II,  entitled,  "Proposed  U.S.  National  Aviation  Standard  for  the 
Discrete  Address  Beacon  System  (DABS)." 

^"U.S.  National  Standard  for  IFF  Mark  X  (SIF)/Air  Traffic  Control  Radar 
Beacon  System  Characteristics,"  Agency  Order  1010.51,  FAA,  Washington, 
DC,  March  1971. 
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EQUIPMENT  DEPLOYMENT 


Aircraft  Deployments 


Seven  aircraft  deployments  were  used  in  this  analysis.  All  were 
constructed  by  selecting  aircraft  from  a  hypothesized  peak  Los  Angeles  Basin 
air  traffic  deployment  (see  Reference  8)  supplied  to  ECAC  by  the  FAA.  This 
deployment  consisted  of  743  aircraft  within  60  nmi  of  LAX  (689  general 
aviation,  30  air  carrier  and  24  military  aircraft). 

Four  of  the  air  traffic  deployments  were  constructed  by  decreasing  the 
aircraft  population  while  maintaining  a  nominal  mix  of  25%  DABS  (11%  TCAS),a 
and  75%  ATCRBS  transponder -equipped  aircraft.  The  full-scale  deployment 
(deployment  A)  included  the  maximum  air  traffic  density  (0.159  A/C  per  square 
nmi  within  30  nmi  of  LAX)  with  the  30  air -carrier,  the  53  high-performance 
general-aviation  and  105  of  the  remaining  general-aviation  aircraft  modeled  as 
equipped  with  DABS  transponders.  The  air -carrier  and  the  high-performance 
general-aviation  aircraft  were  also  modeled  to  be  equipped  with  TCAS 
interrogators.  The  remainder  of  the  air  traffic  population  was  modeled  as 
equipped  with  ATCRBS  transponders.  Three  reduced  deployments  (deployments  B, 
C,  and  D)  were  constructed  by  randomly  deleting  aircraft  from  the  full-scale 
environment  to  produce  aircraft  densities  of  approximately  0.08,  0.04,  and 
0.02  A/C  per  square  nmi. 

Three  additional  deployments  (E,  F,  and  G)  were  developed  from 
deployments  A  and  B  by  varying  the  percentage  of  transponders  that  are 
ATCRBS-,  DABS-,  and  TCAS-equipped .  Deployment  E  is  similar  to  deployment  A? 
however,  all  DABS  transponders  are  TCAS-equipped?  deployment  F  was  constructed 
from  deployment  B  in  the  same  manner.  Deployment  G  consisted  of  0.08  aircraft 
per  square  nmi  with  46%  of  the  transponder  population  ATCRBS -equipped  and  54% 
DABS-equipped  (44%  of  DABS-equipped  are  TCAS  equipped).  These  deployments  are 

aThis  notation  will  be  used  throughout  the  report.  25%  DABS  (11%  TCAS)  means 
that  25%  of  the  aircraft  are  DABS-equipped  and  11%  of  the  aircraft  are  TCAS- 
equipped.  All  TCAS-equipped  aircraft  are  also  DABS-equipped. 
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summarized  in  TABLE  4.  Range  and  altitude  distributions  are  given  in  TABLES 
A- 1  through  A-8  of  APPENDIX  A.  Figure  1  shows  the  full-scale  deployment  as 
seen  by  the  Los  Angeles  interrogator  and  displays  the  DABS  sensor  surveillance 
zones,  which  are  discussed  later.  Figures  A-1  through  A-7  show  each  of  these 
aircraft  deployments  along  with  the  corresponding  DABS-equipped  and  TCAS- 
equipped  aircraft  locations. 


TABLE  4 

AIRCRAFT  DEPLOYMENTS  USED  IN  THE  ANALYSIS 

Deployment 


A 

B 

C 

D 

E 

F 

G 

Total  Number  of  Aircraft 
(within  60  nmi  of  LAX) 

743 

386 

201 

92 

743 

386 

386 

Approximate  Density 
(within  30  nmi  of  LAX) 

0.  159 

0.08 

0.04 

0.02 

0.  159 

0.08 

0.08 

Numbe r  DABS -Equipped 
( TCAS-Equipped ) 

188 

(83) 

87 

(40) 

48 

(23) 

20 

(12) 

188 

(188) 

87 

(87) 

203 

(87) 

Number  ATCRBS -Equipped 

555 

299 

153 

72 

555 

299 

183 

Maximum  Aircraft 

Density  Within  10  nmi 

0.  398 

0.  201 

0.099 

0.038 

0.436 

0.220 

0.220 

of  Any  TC AS -Equipped 
Aircraft 
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60. 


A,B,C,  and  D  are  the  primary  surveillance 
zones  of  the  DABS  sensors  at  Burbank,  Los 
Angeles,  El  Toro,  and  Ontario,  respectively. 


Figure  1.  Transponder  deployment  (Origin  is  LAX-4,  33° 57*1 2" N, 
1 18°24,00MW) . 
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Ground  Interrogator  Deployments 

Two  ground  deployments,  as  specified  by  the  FAA,  were  modeled  by 
selecting  interrogators  from  ECAC's  ATCRBS/IFF  files.  The  first  deployment 
consisted  of  the  141  ATCRBS  interrogators  within  500  nmi  of  LAX.  This 
deployment  is  illustrated  in  Figure  2,  and  was  used  to  predict  the  impact  of 
TCAS  operations  on  the  Long  Beach  ATCRBS  ground  sensor.  The  second  deployment 
differed  from  the  first  in  that  four  FAA  terminal  interrogators  were  converted 
to  DABS  sensors.  This  deployment  was  used  to  predict  the  impact  of  TCAS  on 
DABS  at  LAX.  The  four  converted  interrogators  were  Los  Angeles  (LAX-4), 
Burbank,  El  Tbro,  and  Oitario.  Their  surveillance  and  data-link  coverage 
zones  are  given  in  TABLE  5  and  illustrated  in  Figure  1.  DABS  channel  activity 
is  discussed  below. 

The  DABS  signal  environment  consisted  of  a  combination  of  surveillance, 

9  11 

and  CDTI  (Cockpit  Display  of  Traffic  Information)  services.  9  The  service 
level  provided  to  each  aircraft  from  each  DABS  sensor  was  dependent  upon 
aircraft  type.  Air-carrier  and  high-performance  general-aviation  aircraft 
(11%  of  the  aircraft  population)  received  from  their  primary  sensor  hiqh- 
option  CDTI  or  Extended  Length  Message  (ELM)  service  that  consisted  of  a 
series  of  Comm-C  data  segments  addressed  to  a  particular  aircraft,  containing 
information  about  other  aircraft  (targets)  in  the  immediate  vicinity  (within 
the  threat  volume)  of  the  addressed  aircraft.  The  threat  volume  was 
arbitrarily  chosen  to  extend  for  3  nmi  radially  and  within  an  altitude  of 
+2500  ft.  This  entailed  transmitting  ((T/2)+2.5)  ru  C6mm-C  segments  per  scan, 
where  T  was  the  number  of  targets  within  the  threat  volume  (ru  denotes 
’’rounding  upward"  to  the  next  larger  integer).  All  but  two  of  the  Comm-C 


^Keech,  T.  ,  and  Fleming,  G.  ,  Impact  of  the  Discrete  Address  Beacon  System 
(DABS)  on  Air  Traffic  Control  Radar  Beacon  System  (ATCRBS)  Performance  in 
Selected  Deployments ,  FAA/RD-80-93 ,  Annapolis,  MD,  November  1979. 
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Figure  2, 


Ground  interrogator  environment  (Numerals  indicate  the  number 
of  interrogators  within  4  nmi •  Ihere  are  no  2-digit  numerals). 
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segments  were  contained  within  a  precursor,  and  did  not  elicit  replies. a  The 
remaining  two  Comm-C  segments  which  serve  to  finalize  the  ELM  transaction  each 
elicited  an  ELM  Comm-D  reply. 

Fourteen  percent  of  the  aircraft  population  (DABS-equipped)  received  mid¬ 
option  CDTI  or  standard  data  link  services  that  consisted  of  ((T/2)  ru  +  P) 
Comm-A  interrogations  per  scan,  where  P  is  a  random  variable  of  Poisson 
distribution  with  a  mean  of  1.0.  Each  Comm-A  transmission  contained  data  for 
two  targets.  All  but  one  of  the  Comm-A  interrogations  elicited  surveillance 
(altitude  or  identity)  replies.  The  remaining  Comm-A  interrogation  elicited  a 
mid-option  CDTI  finalizing  Comm-B  reply.  If  both  T  and  P  for  a  particular 
aircraft  were  computed  to  be  zero,  the  A/C  received  one  surveillance 
interrogation  per  scan  from  its  primary  sensor. 

In  addition,  each  DABS-equipped  aircraft  received  one  DABS  surveillance 
interrogation  per  scan  from  its  secondary  sensor. 


TABLE  5 

DABS  SENSOR  SURVEILLANCE  AND  DATA  LINK  ZONE  ASSIGNMENTS 

(see  Figure  1) 


Site 


Surveillance 

Primary 


Responsibility 

Secondary 


Data  Link  Responsibility 


Burbank  A 

Los  Angeles  B 

El  Toro  C 

Ontario  D 


B 

C 

D 

A 


A 

B 

C 

D 


aComm-C  segments  that  do  not  elicit  replies  are  transmitted  at  the  beginning 
of  the  DABS  interrogation  schedule  and  thus  are  referred  to  as  the  precursor. 
(See  Reference  7.) 
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TCAS/ATC  COMPATIBILITY  DESIGN 

Ground-Based  Radar  Beacon  Transponders  (RBX) 


In  addition  to  the  airborne  transponder  deployment  described  above,  20 
FAA  terminal  sites  were  assumed  to  have  RBX  units  located  on  the  ground 
approximately  1  nmi  from  the  ATC  interrogator.  The  locations  are  given  in 
APPENDIX  A,  Figure  A-9.  The  characteristics  of  the  RBX  units  as  modeled  are 
listed  in  TABLE  6.  RBX-TCAS  surveillance  loading  is  discussed  in  Appendix  D. 


TABLE  6 

RBX  CHARACTERISTICS 


Power 

Receiver  Sensitivity 

Cabling  Loss 

Peak  Antenna  Gaina 


4.0 

( MTL)  -87.0 

3.0 

6.0 


kw  (at  transmitter) 

dBm 

dB 

dBi 


aThe  RBX  antenna  is  omnidirectional  in  azimuth.  (Added  in 
proof.  The  TCAS  concept  does  not  use  the  RRX  and 
considerations  of  deploying  such  a  unit  have  been  dis¬ 
continued.  ) 


Interference-Limiting 

Each  TCAS  unit  incorporates  an  interference-limiting  function  to  ensure 
that  TCAS -gene rated  interrogations  will  not  cause  excessive  interference  to 
other  systems,  particularly  the  Air  Traffic  Control  ground  systems. 
Interference-limiting  is  achieved  in  this  analysis  by  reducing  a  TCAS  unit's 
output  power  and  receiver  threshold  (MTL)  in  6  dB  steps,  and  by  eliminating 
the  high-power  ATCRBS  interrogation  from  the  "Whisper-Shout"  sequencea  to 
maintain  the  inequality: 

^  1 0^  MTi|+74)  ( Dp  +  s  r  p  )  <  570  interrogations/second  (1) 


aSee  Reference  5  and  APPENDIX  D 
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where 

B  =  number  of  TCAS  equipped  aircraft  detected  by  squitter 
D  =  DABS  interrogation  rate  (per  second) 

S  =  ATCRBS  interrogation  Whisper -Shout  cycles  per 
second  =  1 /(second) 

=  DABS  power  (watts  at  antenna) 

Pj_  =  ATCRBS  power  (watts  at  antenna) 
n  =  number  of  Whisper-Shout  levels 
MTL  =  receiver  threshold  (dBm  at  antenna).  Note  that  this  MTL 
adjustment  is  restricted  to  the  1090-MHz  TCAS  receiver 
channel.  MTL  at  the  1030-MHz  Mode  S  transponder  is  a  constant 
(-77  dBm). 

If  the  inequality  cannot  be  satisfied  after  power  is  reduced  by  12  dB,  the 
TCAS  will  cease  to  transmit  interrogations.  The  interference-limiting 
modeling  procedures  are  discussed  in  APPENDIX  D.  APPENDIX  C  lists  the 
interference-limiting  state  (permissible  transmission  power)  of  each  TCAS 
interrogator  for  each  of  the  aircraft  deployments.  In  addition,  APPENDIX  C 
contains  figures  illustrating  the  locations  of  the  TCAS  units  that  were 
required  to  limit  CAS  activity  for  each  of  the  simulations.  TABLE  7  gives 
TCAS  interrogator  characteristics. 


TABLE  7 

TCAS  INTERROGATOR  CHARACTERISTICS 

Power  Pfca  (at  transmitter) 

Receiver  Sensitivity  (MTL) 

(1090-MHz  channel)  Rgk 

Cable  Loss  3  dB 

Peak  Antenna  Gain  (omnidirectional  2.5  dBi 

in  azimuth) 

Spt  =  kW,  were  N  is  the  number  of  6  dB  power  reductions  required  to 

satisfy  the  interference-limiting  inequality. 

^Rs  =  (-77  +  (N  x  6.0))  dBm,  where  N  is  the  number  of  6  dB  sensitivity 
reductions  required  to  satisfy  the  interference-limiting  inequality. 
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GENERAL 


SECTION  3 

DISCUSSION  OF  RESULTS 


Performance  of  all  transponders  within  range  of  the  interrogator-of - 
interest  (  Iq)  was  assessed  in  terms  of  the  suppression  rate,  interrogation 
rate,  and  reply  probability.  The  performance  of  the  ATCRBS  ground  system  was 
evaluated  in  terms  of  ATCRBS  fruit  rate,  DABS  fruit  rate,  and  ARTS  III  target 
detection  and  code  validation  probabilities.  The  performance  of  the  DABS 
ground  system  was  evaluated  in  terms  of  ATCRBS  fruit  rate,  DABS  fruit  rate, 
DABS  roll-call  transactions,  and  ATCRBS  target  detection  and  code  confidence. 

It  should  be  emphasized  that  although  system  parameters  such  as 
interrogation  rates,  suppression  rates,  and  reply  probabilities  are  useful  and 
meaningful  transponder  performance  indicators,  the  parameters  of  primary 
significance  are  those  defining  the  ability  of  the  ground  system  to  perform 
its  fundamental  air  traffic  control  function  of  reliably  detecting  aircraft. 


LONG  BEACH  ATCRBS 


Performance  measures  of  the  long  Beach  ATCRBS  ground  receiver,  with  and 
without  TCAS,  and  with  and  without  interference  limiting,  are  shown  in  TABLES 
B-1  through  B-14,  of  APPENDIX  B.a  Results  for  the  four  levels  of  aircraft 
densities  (0.159,  0.08,  0.04,  and  0.02  A/C  per  square  nmi )  with  a  25%  DABS 
(11%  TCAS)  and  75%  ATCRBS  transponder  distribution  are  given.  Other 
variations  of  transponder  distributions  and  aircraft  densities  were  also 
analyzed.  These  were:  a  25%  DABS  (25%  TCAS)  transponder  distribution  in 
aircraft  densities  of  0.159,  and  0.08  A/C  per  square  nmi,  and  a  54%  DABS  (25% 
TCAS)  distribution  in  a  0.08  density.  The  location,  interrogation  rate,  and 
transmission  power  of  each  TCAS  unit  for  each  simulation  are  listed  in 


aThe  results  in  APPENDIX  B  are  given  in  terms  of  quadrant  averages 
about  the  Long  Beach  interrogator. 
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APPENDIX  C.  The  results  discussed  below  are  based  on  a  1-scan  (4.6-second) 
simulation  of  the  victim  antenna  for  each  aircraft  deployment. 

Transponder  Performance 


The  average  probability  of  reply  was  computed  by  dividing  the  total 
number  of  transponder  replies  to  Long  Beach  interrogations  during  a  complete 
360°  scan  of  the  mainbeam  by  the  total  number  of  Long  Beach  interrogations  in 
the  same  scan.  Fach  aircraft  received  approximately  21  ATCRBS  interrogations. 

TABLE  8  gives  the  performance  of  transponders  within  60  nmi  of  the  long 
Beach  interrogator,  both  with  and  without  TCAS  (and  with  and  without 
interference-limiting).  It  can  be  seen  that  TCAS  activity  without 
interference -limiting  reduced  the  average  transponder  probability  of  reply  by 
more  than  2%  for  the  full-scale  deployment  (0.159  aircraft  per  square  nmi)  for 
both  the  distribution  of  25%  DABS  (11%  TCAS)  and  the  25%  DABS  (25%  TCAS) 
distribution.  This  reduction  is  caused  by  both  the  increased  ATCRBS 
interrogation  rate  and  the  increase  in  effective  sidelobe  suppression  rate 
associated  with  TCAS  activity. a  With  TCAS  employing  interference-limiting, 
the  degradation  in  average  probability  of  reply  was  1%  for  both  the  25%  DABS 
(11%  TCAS)  and  the  25%  DABS  (25%  TCAS)  distributions. 

For  the  three  reduced  air  traffic  densities,  the  reduction  in  average 
reply  probability  was  greater  than  2%  only  in  the  aircraft  density  of  0.08  A/C 
per  square  nmi  with  54%  DABS  (25%  TCAS).  Again,  interference -limiting  reduced 
this  effect  to  1%. 

Also  included  in  TABLE  8  are  the  standard  deviations  of  the  ATCRBS 
interrogation  rate,  the  effective  suppression  rate,  and  the  probability  of 
reply  for  each  simulation.  The  magnitudes  of  these  quantities  indicate  a  wide 
variation  about  their  mean  values. 


aThe  effective  sidelobe  suppression  rate  is  the  sum  of  the  actual  sidelobe 
suppression  rate  and  the  misaddressed  roll-call  interrogation  rate. 
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It  can  be  seen  that,  even  without  TCAS  activity,  increasing  the 
percentage  of  aircraft  that  are  DABS-equipped  resulted  in  an  increased  average 
interrogation  rate  and  an  increased  average  effective  suppression  rate 
(compare  0.08  density  25%  DABS  (11%  TCAS)  and  25%  DABS  (25%  TCAS)  simulations 
with  0.08  density  54%  DABS  (25%  TCAS)  simulations).  This  is  explained  by 
noting  that  the  sensitivity  (MTL)  of  a  DABS-equipped  aircraft  as  -77  dBm  while 
an  ATCRBS-equipped  aircraft's  sensitivity  is  -74  dBm. 

Interrogator  Performance 


The  effects  of  TCAS  on  the  ATCRBS  interrogator  performance  are  summarized 
in  TABLE  9  and  discussed  below. 

Fruit  Rates.  The  two  types  of  fruit  arriving  at  the  Long  Beach 
interrogator  receiver  are  defined  as  follows: 

-  ATCRBS  fruit.  ATCRBS  replies  elicited  by  ATCRBS  and  TCAS 
interrogators  other  than  the  Long  Beach  interrogator. 

-  Roll-Call  fruit.  DABS  replies  elicited  by  TCAS  roll-call 
interrogations. 

ATCRBS  transponder  replies  to  the  active  ATCRBS  mode  of  TCAS  result  in 
increased  levels  of  ATCRBS  fruit  at  the  ground  receiver.  For  TCAS  operating 
without  interference-limiting,  these  levels  varied  from  a  3.7%  increase  in 
ATCRBS  fruit  for  the  0.02  aircraft  density,  to  57%  for  the  0.159  aircraft 
density  with  25%  DABS  (25%  TCAS).a  With  interference-limi tinq ,  the  57% 
increase  was  reduced  to  a  16%  increase. 

DABS  transponder  replies  associated  with  TCAS  operation  result  in  DABS 
roll-call  fruit  at  the  ground  receiver.  The  ATCRBS  interrogator  receivers  are 
assumed  to  be  blanked  out  to  ATCRBS  replies  for  the  duration  of  a  DABS  reply 
(64  ys).  The  full-scale  deployment  simulation  with  25%  DABS  (25%  TCAS) 


aThe  increased  fruit  rates  are  due  to  the  increased  ATCRBS  interrogation  rates 
associated  with  TCAS  activity. 
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resulted  in  176  roll-call  fruit/s  or  (1.1%  receiver  blanking)  without 
limitinq,  and  48  roll-call  fruit/s  (0.3%  receiver  blanking)  with  limiting. 
Other  variations  of  DABS  roll-call  fruitf  including  those  for  the  reduced 
deployments,  are  given  in  TABLE  9. 

Target  Detection  and  Code  Validation.  Deploying  TCAS  (with  or  without 
interference-limiting)  did  not  degrade  the  ability  of  the  ARTS  III  processor 
to  detect  aircraft.  For  the  full-scale  deployment  of  0.159  aircraft  per 
square  nmi  and  the  distribution  of  25%  DABS  (25%  TCAS),  a  1.5%  reduction  of 
Mode  A  and  a  1.9%  reduction  in  Mode  C  validation  is  predicted  without 
interference-limiting.  Interference-limiting  will  reduce  the  effect  to  0.5% 
and  0.3%  for  Mode  A  and  Mode  C,  respectively.  For  the  reduced  air  traffic 
environments  (0.08,  0.04,  and  0.02  aircraft  per  square  nmi),  TCAS  operation 
resulted  in  less  than  a  1%  reduction  to  mode -validation  probabilities. 


LOS  ANGELES  DABS 


DABS  performance  at  LAX-4,  with  and  without  TCAS,  and  with  and  without 
TCAS  employing  its  interference-limiting  is  given  (in  terms  of  quadrant 
averages  about  LAX-4)  in  TABLES  B-15  through  B-28  in  APPENDIX  B.  The 
location,  interrogation  rate,  and  transmission  power  of  each  TCAS  unit  for 
each  simulation  are  listed  in  APPENDIX  C.  These  results  (discussed  below)  are 
based  on  a  1-scan  (4.6-second)  simulation  of  the  victim  antenna  for  each 
aircraft  deployment. 

Transponder  Performance 


The  average  transponder  probability  of  reply  was  computed  by  dividing  the 
total  number  of  DABS  and  ATCRBS  replies  during  a  complete  360°  scan  of  the 
mainbeam  by  the  total  number  of  LAX-4  interrogations.  Each  ATCRBS-equipped 
aircraft  received  approximately  six  ATCRBS-Only  interrogations  per  scan. 
DABS-equipped  transponders  received  a  variable  number  of  discrete 
interrogations  from  the  LAX-4  DABS  sensor  (see  Section  2). 
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TABLE  10  gives  the  performance  of  ATCRBS-equipped  transponders  within  60 
nmi  of  the  Los  Angeles  sensor,  both  with  and  without  TCAS  (and  with  and 
without  TCAS  employing  interference-limiting).  It  can  be  seen  that  with  TCAS 
(without  interference-limiting),  the  reduction  in  average  transponder 
probability  of  reply  exceeded  2%  for  the  full-scale  air  traffic  environment 
for  both  the  distribution  of  25%  DABS  (11%  TCAS)  and  the  25%  DABS  (25%  TCAS) 
distribution.  Again,  this  is  caused  by  the  increased  ATCRBS  interrogation 
rate  and  the  increased  effective  suppression  rate  (sidelobe  suppressions  rate 
plus  misaddressed  roll-call  interrogation  rate)  associated  with  TCAS 
transmissions.  With  TCAS  employing  its  interference-limiting  function,  the 
degradation  in  average  reply  probability  was  reduced  to  less  than  1%  for  both 
distributions. 

For  the  reduced  air  traffic  deployments,  the  reduction  in  average  reply 
probability  due  to  TCAS  operation  (without  interference-limi tinq)  was  greater 
than  2%  only  for  the  54%  DABS  (25%  TCAS)  distribution  in  the  0.08  A/C  per 
square  nmi  deployment.  With  TCAS  employing  interference  limiting,  the 
degradation  in  average  reply  probability  was  reduced  to  about  1%. 

Sensor  Performance 


The  effects  of  TCAS  on  the  DABS  sensor  performance  are  summarized  in 
TABLE  11  and  discussed  below. 

Fruit  Rates.  With  TCAS  deployed,  the  increase  in  ATCRBS  fruit  varied 
from  less  than  4%  in  the  least-dense  aircraft  environment  (0.02  aircraft  per 
square  nmi)  to  about  55%  in  the  full-scale  deployment  for  the  25%  DABS  (25% 
TCAS)  distribution.  With  interference-limiting,  the  55%  increase  was  reduced 
to  a  23%  increase.  The  roll-call  fruit  rate  ranged  from  43/s  with  the  full- 
scale  air  traffic  deployment  for  the  distribution  of  25%  DABS  (25%  TCAS)  to 
zero  with  the  least-dense  (0.02  aircraft  per  square  nmi)  air  traffic 
configuration. 
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ATCRBS  Mode  of  DABS  Target  Detection  and  Code  Confidence,  All  ATCRBS 
transponder -equipped  aircraft  were  detected  and  processed  with  high  Mode  A 
code  confidence  for  all  simulations  with  and  without  TCAS.  For  the  full-scale 
deployment,  without  interference -limiting,  less  than  a  1%  reduction  in  Mode  C 
validation  is  predicted.  With  interference-limiting,  this  effect  is 
eliminated.  For  the  reduced  air  traffic  environments  (0.08,  0.04,  and  0.02 
aircraft  per  square  nmi ) ,  TCAS  operation  did  not  affect  code  confidence. 

DABS  Surveillance  and  Data -Link  Performance.  All  DABS  transponder- 
equipped  aircraft  were  detected  for  all  simulations,  with  and  without  TCAS. 

The  DABS  sensor  at  Los  Angeles  made  323  roll-call  type  interrogations  to  DABS- 
equipped  aircraft  in  its  coverage  zones  during  a  single  scan,  without  TCAS 
operating  in  the  0.08  air  traffic  density  with  the  54%  DABS  (25%  TCAS) 
distribution.  With  TCAS  in  the  environment,  operating  with  and  without 
interference -limi ting,  the  DABS  sensor  transmitted  2  and  17  additional 
interrogations,  respectively,  during  those  simulations.  The  DABS  roll-call 
interrogation  rates  for  each  simulation  are  listed  in  TABLE  11. 


SUMMARY  OF  EFFECTS  OF  TCAS  ON  DABS 
SENSOR  PERFORMANCE  AT  LOS  ANGELES 
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SECTION  4 
CONCLUSIONS 


ATCRBS  PERFORMANCE  AT  LONG  BEACH 

Deploying  TCAS,  with  or  without  interference-limiting,  in  any  of  the 
various  air  traffic  deployments: 

1.  Will  not  reduce  target  detection  probabilities. 

2.  Will  reduce  the  Mode  A  validation  probability  by  less  than  2%. 

3.  Will  reduce  the  Mode  C  validation  probability  by  less  than  2%. 

Deploying  TCAS,  with  interference-limiting,  in  any  of  the  various  air  traffic 
deployments  will  reduce  average  transponder  reply  probability  by  less  than  2%. 

DABS  PERFORMANCE  AT  LOS  ANGELES 


Deploying  TCAS,  with  or  without  interference-limiting,  in  any  of  the 
various  air  traffic  deployments: 

1.  Will  not  reduce  the  target  detection  probability. 

2.  Will  not  reduce  the  high-confidence  Mode  A  validation 
probability. 

3.  Will  not  reduce  the  high-confidence  Mode  C  validation  probability 
by  less  than  1% 

4.  Will  increase  the  roll-call  interrogation  rate  by  less  than  6%. 

Deploying  TCAS,  with  interference-limiting,  in  any  of  the  various  air  traffic 
deployments,  will  not  reduce  the  high  confidence  Mode  C  validation  probability 
and  will  reduce  the  average  transponder  reply  probability  by  less  than  2%. 

For  the  peak  air  traffic  deployment  simulation  (743  aircraft  within  60 
nmi  of  Los  Angeles)  with  approximately  25%  of  the  aircraft  equipped  with  TCAS, 
it  was  shown  that  133  of  the  188  TCAS  units  were  required  to  limit  CAS 
transmissions;  2  of  these  units  were  required  to  terminate  CAS  activity. 
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APPENDIX  A 

AIRCRAFT  DEPLOYMENTS 


TABLES  A- 1  through  A-8  give  the  aircraft  range  and  altitude  distributions 
about  the  Long  Beach  ATCRBS  interrogator  and  about  the  Los  Angeles  DABS  sensor 
for  the  four  aircraft  populations  used  in  this  study.  Figures  A-1  through  A-8 
show  the  aircraft  distribution  as  viewed  from  LAX-4  for  each  of  the  air 
traffic  environments.  Figure  A-9  shows  the  deployment  of  the  ground-based  RBX 
units . 
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TABLE  A-1 


AIRCRAFT  DISTRIBUTION  ABOUT  LOS  ANGELES 
(Density  =  0.159  A/C  per  sq.  nmi ;  See  Figure  A-1) 


Altitude 


Range 


Altitude 

Number  of 

Range 

Number  of 

( 1  000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

72 

0-5 

35 

1-2 

138 

5-10 

45 

2-3 

128 

10-15 

93 

3-4 

110 

15-20 

89 

4-5 

89 

20-25 

104 

5-6 

51 

25-30 

86 

6-7 

41 

30-35 

81 

7-8 

31 

35-40 

57 

8-9 

39 

40-45 

66 

9-10 

15 

45-50 

47 

10-11 

8 

50-55 

24 

11-1  2 

1 

55-60 

14 

12-13 

1 

60-65 

2 

13-14 

1 

14-15 

0 

15-16 

0 

16-17 

2 

17-18 

1 

18-19 

1 

19-20 

1 

20-21 

1 

21-22 

2 

22-23 

0 

23-24 

4 

24-25 

4 

25-26 

0 

26-27 

1 

27-28 

0 

28-29 

1 

29-30 

0 

DOT/FAA/RD-8 1/ 1 06 


Appendix  A 


TABLE  A- 2 


AIRCRAFT  DISTRIBUTION  ABOUT  LOS  ANGELES 
(Density  =  0.08  A/C  per  sq.  nmi  ?  See  Figure  A-3) 


Altitude 


Range 


Altitude 

Number  of 

Range 

Number  of 

( 1  000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

34 

0-5 

20 

1-2 

77 

5-10 

22 

2-3 

75 

10-15 

47 

3-4 

58 

15-20 

48 

4-5 

48 

20-25 

49 

5-6 

17 

25-30 

48 

6-7 

21 

30-35 

42 

7-8 

17 

35-40 

29 

8-9 

19 

40-45 

38 

9-10 

5 

45-50 

23 

10-11 

5 

50-55 

15 

11-1  2 

1 

55-60 

4 

12-13 

1 

60-65 

1 

13-14 

0 

14-15 

0 

15-16 

0 

16-17 

1 

17-18 

0 

18-19 

1 

19-20 

0 

20-21 

1 

21-22 

1 

22-23 

0 

23-24 

1 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

1 

29-30 

0 
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TABLE  A- 3 

AIRCRAFT  DISTRIBUTION  ABOUT  LOS  ANGELES 
(Density  =  0.04  A/C  per  sq.  nmi ;  See  Figure  A-6) 


Altitude  Range 


Altitude 

Number  of 

Range 

Number  of 

( 1000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi  ) 

Increment 

0-1 

19 

0-5 

10 

1-2 

42 

5-10 

14 

2-3 

40 

10-15 

20 

3-4 

33 

15-20 

19 

4-5 

20 

20-25 

22 

5-6 

6 

25-30 

30 

6-7 

11 

30-35 

22 

7-8 

5 

35-40 

18 

8-9 

11 

40-45 

22 

9-10 

4 

45-50 

14 

10-11 

4 

50-55 

6 

11-1  2 

0 

55-60 

3 

12-13 

0 

60-65 

1 

1  3-1  4 

0 

14-15 

0 

15-16 

0 

16-17 

0 

17-18 

0 

18-19 

1 

19-20 

0 

20-21 

0 

21-22 

1 

22-23 

0 

23-24 

0 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

1 

29-30 

0 
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TABLE  A- 4 

AIRCRAFT  DISTRIBUTION  ABOUT  LOS  ANGELES 
(Density  =  0.02  A/C  per  sq.  nmi ;  See  Figure  A-7) 


Altitude  Range 


Altitude 

Number  of 

Range 

Number  of 

( 1  000-foot 

Aircraft  in 

Increment 

Aircraft  ii 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

10 

0-5 

2 

1-2 

13 

5-10 

7 

2-3 

22 

10-15 

1  2 

3-4 

15 

15-20 

7 

4-5 

10 

20-25 

6 

5-6 

2 

25-30 

19 

6-7 

7 

30-35 

15 

7-8 

2 

35-40 

6 

8-9 

5 

40-45 

8 

9-10 

1 

45-50 

7 

10-11 

3 

50-55 

0 

11-12 

0 

55-60 

2 

12-13 

0 

60-65 

1 

1  3-14 

0 

14-15 

0 

15-16 

0 

16-17 

0 

17-18 

0 

18-19 

1 

19-20 

0 

20-21 

0 

21-22 

1 

22-23 

0 

23-24 

0 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

1 

29-30 

0 
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TABLE  A- 5 


AIRCRAFT  DISTRIBUTION  ABOUT 

LONG  BEACH 

( Density 

=  0.159  A/C  per  sq.  nmi 

;  See  Figure  A-1  ) 

Altitude 

Range 

Altitude 

Number  of 

Range  Number  of 

( 1  000-foot 

Aircraft  in 

Increment  Aircraft  in 

Increments ) 

Increment 

(nmi)  Increment 

0-1 

72 

0-5 

32 

1-2 

138 

5-10 

87 

2-3 

1  28 

10-15 

83 

3-4 

110 

15-20 

109 

4-5 

89 

20-25 

62 

5-6 

51 

25-30 

69 

6-7 

41 

30-35 

67 

7-8 

31 

35-40 

72 

8-9 

39 

40-45 

46 

9-10 

15 

45-50 

32 

10-11 

8 

50-55 

28 

11-12 

1 

55-60 

29 

1  2-13 

1 

60-65 

14 

13-14 

1 

65-70 

9 

1  4-15 

0 

70-75 

4 

15-16 

0 

16-17 

2 

17-18 

1 

1  8-19 

1 

19-20 

1 

20-21 

1 

21-22 

2 

22-23 

0 

23-24 

4 

24-25 

4 

25-26 

0 

26-27 

1 

27-28 

0 

28-29 

1 

29-30 

0 
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TABLE  A- 6 

AIRCRAFT  DISTRIBUTION  ABOUT  LONG  BEACH 
(Density  =  0.08  A/C  per  sq.  nmi ;  See  Figure  A-3) 


Altitude  Range 


Altitude 

Number  of 

Range 

Number  of 

(1000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

34 

0-5 

13 

1-2 

77 

5-10 

42 

2-3 

75 

10-15 

45 

3-4 

58 

15-20 

61 

4-5 

48 

20-25 

27 

5-6 

17 

25-30 

43 

6-7 

21 

30-35 

33 

7-8 

17 

35-40 

39 

8-9 

19 

40-45 

23 

9-10 

5 

45-50 

17 

10-1 1 

5 

50-55 

15 

11-12 

1 

55-60 

18 

12-13 

1 

60-65 

4 

13-14 

0 

65-70 

5 

14-15 

0 

70-75 

1 

15-16 

0 

16-17 

1 

17-18 

0 

18-19 

1 

19-20 

0 

20-21 

1 

21-22 

1 

22-23 

0 

23-24 

1 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

1 

29-30 

0 
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TABLE  A- 7 

AIRCRAFT  DISTRIBUTION  ABOUT  LONG  BEACH 
(Density  =  0.04  A/C  per  sq.  nmi ;  See  Figure  A-6) 


Altitude  Range 


Altitude 

Number  of 

Range 

Number  of 

( 1  000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

19 

0-5 

6 

1-2 

42 

5-10 

24 

2-3 

40 

10-15 

21 

3-4 

33 

15-20 

33 

4-5 

20 

20-25 

16 

5-6 

6 

25-30 

19 

6-7 

11 

30-35 

15 

7-8 

5 

35-40 

22 

8-9 

11 

40-45 

1  1 

9-10 

4 

45-50 

1  1 

10-11 

4 

50-55 

8 

11-12 

0 

55-60 

1  2 

1  2-1  3 

0 

60-65 

2 

1  3-14 

0 

65-70 

2 

14-15 

0 

70-75 

1 

15-16 

0 

16-17 

0 

17-18 

0 

1  8-19 

1 

19-20 

0 

20-21 

1 

21-22 

1 

22-23 

0 

23-24 

0 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

1 

29-30 

0 

A-8 


DOT/FAA/RD-81/ 1 06 


Appendix  A 


TABLE  A- 8 

AIRCRAFT  DISTRIBUTION  ABOUT  LONG  BEACH 
(Density  =  0.02  A/C  per  sq.  nmi;  See  Figure  A-7) 


Altitude  Range 


Altitude 

Number  of 

Range 

Number  of 

(1000-foot 

Aircraft  in 

Increment 

Aircraft  in 

Increments ) 

Increment 

(nmi ) 

Increment 

0-1 

10 

0-5 

0 

1-2 

13 

5-10 

10 

2-3 

22 

10-15 

11 

3-4 

15 

15-20 

14 

4-5 

10 

20-25 

11 

5-6 

2 

25-30 

10 

6-7 

7 

30-35 

4 

7-8 

2 

35-40 

10 

8-9 

5 

40-45 

4 

9-10 

1 

45-50 

6 

10-11 

3 

50-55 

4 

11-12 

0 

55-60 

6 

12-13 

0 

60-65 

1 

13-14 

0 

65-70 

1 

14-15 

0 

15-16 

0 

16-17 

0 

17-18 

0 

18-19 

1 

19-20 

0 

20-21 

0 

21-22 

1 

22-23 

0 

23-24 

0 

24-25 

2 

25-26 

0 

26-27 

0 

27-28 

0 

28-29 

0 

29-30 

0 

A- 9 


DOT/FAA/RD-81 / 1 06 


Appendix  A 


TCAS  A/C 


DABS 


A/C 
Tbtal ) 


ALL  A/C 

(Total  =  743  A/C) 

Figure  A-1  .  Distribution  of  aircraft  about  Los  Angeles-Table  4  Deployment  A 
(0.159  A/C  per  sq  nmi  to  30  nmi). 
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60. 


DABS/ TC AS  A/C 
(25%  of  Total) 


ALL  A/C 

(Total  =  743  A/C) 


Figure  A-2.  Distribution  of  aircraft  about  Los  Angeles- Table  4  Deployment  E 
(0.159  A/C  per  sq  nmi  to  30  nmi ) . 
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TCAS  A/C 
(11%  of  Tbtal ) 


A'1  PAJ I  yiBAu 

(lEJO'f  H>  #c£  ) 


DABS  A/C 
(25%  of  Tbtal) 


ALL  A/C 

(Total  .=  ,386  A/CJ>tcT } 

Figure  A- 3 •  Distribution  of  aircraft  about  Los  Angeles-Table  4  pepJ,oyment  B 
(0.08  A/C  per  ‘sq  >»i  iBn  pa  -rsq  0\A  eer.0) 
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i  60. 


DABS/TCAS  A/C 
(25%  of  Total ) 


60. 


ALL  AIRCRAFT 
(Total  =  386  A/C) 

Figure  A-4.  Distribution  of  aircraft  about  Los  Angeles-Table  4  Deployment  F 
(0.08  A/C  per  sq  nmi  to  30  nmi). 
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TCAS  A/C 
(25%  of  Ibtal) 


DABS  A/C 
(54%  of  Ibtal) 


BO  * 


ALL  A/C 

( Total  =  386  A/C) 

Figure  A-5.  Distribution  of  aircraft  about  Los  Angeles -Table  4  Deployment  G 
(0.08  A/C  per  sq  nmi  to  30  nmi ) . 
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60. 


60. 


TCAS  A/C 
(11%  of  Tbtal ) 


DABS  A/C 
(25%  of  Tbtal ) 


60. 


ALL  A/C 

(Total  =  201  A/C) 

Figure  A-6.  Distribution  of  aircraft  about  Los  Angeles-Tbble  4  Deployment  C 
( 0 . 04  A/C  per  sq  nmi  to  30  nmi ) . 
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60. 


ALL  A/C 

(Total  =  92  A/C) 

Figure  A-7.  Distribution  of  aircraft  about  Los  Angeles -Table  4  Deployment  D 
(0.02  A/C  per  sq  nmi  to  30  nmi ) . 
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Figure  A-8.  Los  Anqeles  Basin  air  traffic  deployment.  Note  that  this 

figure  gives  the  deployment  on  the  same  scale  as  the  Figure  2 
interrogator  deployment  on  page  13  (743  A/C  within  60  nmi  of 
LAX-4) . 
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Figure  A-9.  RBX  Deployment.  One  RBx  at  each  FAA  terminal  site. 
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APPENDIX  B 
SIMULATION  RESULTS 


The  following  tables  (B-1  through  B-28)  contain  the  quadrant  averages 
(and  standard  deviations)  of  the  uplink  and  downlink  signal  rates  and  the 
probability  of  reply  for  the  simulations.  These  quantities  correspond  to 
signals  transmitted  (uplink)  and  elicited  (downlink)  by  interrogators  other 
than  the  victim  interrogator. 


The  following  convention  was  used  for  the  computation  of  quadrant 
averages:  N 


The  full-scan  averages  are  the  weighted  quadrant  averages  based  on  the 
fraction  of  the  transponder  population  in  each  quadrant.  The  fraction  of 
aircraft  in  each  quandrant  for  each  aircraft  distribution  is  given  below. 


DENSITY 

0.159 

0.08 

0.04 

0.02 

Interrogator 

Quadrant 

I 

9.2 

Percent 

9.2 

of  A/C 
5.6 

6.6 

LONG 

II 

18.  4 

18.9 

20.  2 

20.  2 

BEACH 

III 

23.6 

22.7 

24.1 

24.1 

IV 

48.8 

49.  2 

49.  1 

49.  1 

I 

25.1 

26.3 

26.7 

29.1 

LOS 

II 

48.  3 

45.4 

48.  5 

42.  6 

ANGELES 

III 

3.7 

4.7 

5.3 

8.3 

IV 

22.  9 

23.  6 

19.  5 

20.  0 

B-1 


DOT/FAA/RD-81 /I  06 


Appendix  B 


The  legend  given  below  is  to  be  used  in  conjunction  with  TABLES  B-1 
through  B-7. 

QUAD  -  £Xiadrant  results  (I-IV)  and  full  scan  average 

ALL-CALL  RATE  -  DABS  all-call  interrogations  per  DABS-equipped  aircraft  per 
second 

ALL-CALL  RATE  (STD.  DEV.)  -  DABS  all-call  interrogations  per  DABS-equipped 

aircraft  per  second  standard  deviation 

ROLL-CALL  RATE  -  DABS  roll-call  interrogations  per  DABS-equipped  aircraft  per 
second 

ROLL-CALL  RATE  (STD.  DEV.)  -  DABS  roll-call  interrogations  per  DABS-equipped 

aircraft  per  second  standard  deviation 
ATCRBS  RATE  -  ATCRBS  interrogations  per  aircraft  per  second 
ATCRBS  RATE  (STD.  DEV.)  -  ATCRBS  interrogations  per  aircraft  per  second 

standard  deviation 

EFF.  SUPP.  RATE  -  Effective  suppressions  per  aircraft  per  second 
EFF.SUPP.  RATE  (STD.  DEV.)  -  Effective  suppressions  per  aircraft  per  second 

standard  deviation 

PROB.  OF  REPLY  -  Probability  of  reply 

PROB.  OF  REPLY  (STD.  DEV.)  -  Probability  of  reply  standard  deviation 
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*ABG  -  Full  Scan  Average 


RESULTS  AND  STATISTICS  FOR  UPLINK  QUANTITIES  COMPUTED  AT  EACH  TRANSPONDER  AND  AVERAGED  OVER  THE 
QUADRANT  FOR  A/C  DENSITY  0.08,  TOTAL  A/C  376,  %  ATCRBS  75,  %  DABS  25  (%  TCAS  11)  f  LONG  BEACH 
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The  legend  given  below  is  to  be  used  in  conjunction  with  TABLES  B-15 
through  B-21 . 

QUAD  -  Quadrant  results  (I-IV)  and  full  scan  average 

ALL-CALL  RATE  -  DABS  all-call  interrogations  per  DABS-equipped  aircraft  per 
second 

ALL-CALL  RATE  (STD.  DEV.)  -  DABS  all-call  interrogations  per  DABS-equipped 

aircraft  per  second  standard  deviation 

ROLL-CALL  RATE  -  DABS  roll-call  interrogations  per  DABS-equipped  aircraft  per 
second 

ROLL-CALL  RATE  (STD.  DEV.)  -  DABS  roll-call  interrogations  per  DABS-equipped 

aircraft  per  second  standard  deviation 
ATCRBS  RATE  -  ATCRBS  interrogations  per  aircraft  per  second 
ATCRBS  RATE  (STD.  DEV.)  -  ATCRBS  interrogations  per  aircraft  per  second 

standard  dev i a t i on 

EFF.  SUPP.  RATE  -  Effective  suppressions  per  aircraft  per  second 
EFF.SUPP.  RATE  (STD.  DEV.)  -  Effective  suppressions  per  aircraft  per  second 

standard  deviation 

PROB.  OF  REPLY  -  Probability  of  reply 

PROB.  OF  REPLY  (STD.  DEV.)  -  Probability  of  reply  standard  deviation 
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Figures  B-1  through  B-8  graphically  present  the  reply  performance  of 
transponders  corresponding  to  the  0.159  and  the  0.08  aircraft  density 
simulations  with  both  the  25%  DABS  (11%  TCAS)  distribution  and  the  25%  DABS 
(25%  TCAS)  distribution.  Included  is  the  position  of  the  aircraft  with  the 
lowest  probability  of  reply  for  each  simulation. a  Note  that  the  Long  Beach 
ATCRBS  interrogator  transmits  an  average  of  21.28  interrogations  to  each 
aircraft  during  the  mainbeam  dwell;  some  aircraft  received  21  interrogations 
and  some  received  22.  Similarly,  the  Los  Angeles  DABS  sensor  transmits  an 
average  of  6.56  ATCRBS-Only  interrogations  to  each  aircraft  during  the 
mainbeam  dwell;  some  aircraft  received  6  interrogations  and  some  received  7. 

Figures  B-9  through  B-1 2  give  the  cumulative  distributions  of  the  ATCRBS 
interrogation  rate  and  the  effective  suppresion  rate  for  transponders  in  the 
0.159  aircraft  density  environment  for  the  25%  DABS  (11%  TCAS)  distribution. 


aAircraft  positions  are  given  in  radians;  multiply  by  57.296  to  find  the 
position  in  degrees. 
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Figure  B-1  .  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
21  or  22  per  mainbeam  dwell  for  the  Long  Beach  ATCRBS  interrogator. 
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Figure  B-2.  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
21  or  22  per  mainbeam  dwell  for  the  Long  Beach  ATCRBS  interrogator. 
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Figure  B-3,  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
21  or  22  per  mainbeam  dwell  for  the  Long  Beach  ATCRBS  interrogator  • 
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Figure  B~4.  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
21  or  22  per  mainbeam  dwell  for  the  Long  Beach  ATCRBS  interrogator. 
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Figure  B-5.  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
or  7  per  mainbeam  dwell  for  the  Los  Angeles  DABS  sensor.  ( ATCRBS  transponders  only) 
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Fiqure  B-6.  Cumulative  distribution  for  the  number  of  missed  interroqations  (N)  out  of  a  possible 
or  7  per  mainbeam  dwell  for  the  Los  Anqeles  DABS  sensor.  ( ATCRBS  transponders  only) 
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Figure  B-7-  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
or  7  per  mainbeam  dwell  for  the  Los  Angeles  DABS  sensor-  { ATCRBS  transponders  only) 
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Figure  B-8.  Cumulative  distribution  for  the  number  of  missed  interrogations  (N)  out  of  a  possible 
or  7  per  mainbeam  dwell  for  the  Los  Angeles  DABS  sensor.  ( ATCRBS  transponders  only) 
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Figure  B-9.  Cumulative  distribution  for  the  total  number  of  ATCRBS  interrogations  per  second  (N) 
received  at  the  transponders.  Long  Beach  simulations  -  no  DABS  sensors  in  the 
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Figure  B-10.  Cumulative  distribution  for  the  total  number  of  effective  suppressions  per  second  (N) 
received  at  the  transponders.  Long  Beach  simulations  -  no  DABS  sensors  in  the 
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Figure  B-11.  Cumulative  distribution  for  the  total  number  of  ATCRBS  interrogations  per  second  (N) 
received  at  the  transponders.  Los  Aigeles  simulations. 
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Figure  B-12.  Cumulative  distribution  for  the  total  number  of  effective  suppressions  per  second  (N) 
received  at  the  transponders.  Los  togeles  simulations. 
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APPENDIX  C 

TCAS  SUBMODEL  RESULTS 

The  following  tables  (C-1  through  C— 11)  give  TCAS  submodel  results  for 
each  of  the  simulations  conducted  in  this  analysis.  Given  are:  1)  TCAS 
aircraft  position,  2)  the  density  of  aircraft  within  30  nmi  about  the  TCAS- 
equipped  aircraft,  3)  the  rate  at  which  the  TCAS-equipped  aircraft  transmits 
discretely  addressed  interrogations,  and  4)  the  transmission  power  (at 
transmitter)  of  the  TCAS-equipped  aircraft.  Also  included  are  figures  (C-1 
through  C-4)  illustrating  the  locations  of  the  TCAS-equipped  aircraft  that 
experienced  interference-limi ting. 

The  information  in  the  tables  is  presented  for  the  configurations  shown 
in  the  following  matrix: 


CONDITION  TABLE  NO. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1  1 

With  TCAS 

Interference  - 
Limiting  Function 

X 

- 

X 

- 

X 

X 

- 

X 

- 

X 

X 

Without  TCAS 

Interference- 
Limiting  Function 

- 

X 

- 

X 

X 

- 

X 

- 

X 

X 

X 

A/C  per  sq.  nmi 
(within  30  nmi 
of  LAX-4 

0.159 

0.159 

0.159 

0.159 

0.08 

0.08 

0.08 

0.08 

0.08 

0.04 

0.02 

%  A/C 

ATCRBS-equipped 

75 

75 

75 

75 

75 

75 

75 

46 

46 

75 

75 

%  A/C  DABS- 
equipped 

(%  TCAS-equipped) 

25 

(11) 

25 

(11) 

25 

(25) 

25 

(25) 

25 

(11) 

25 
(  25) 

25 

(25) 
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(11) 
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The  legend  given  below  is  to  be  used  in  conjunction  with  Tables  C-1 
through  C-11. 


LAT 

LON 

ALT 

LOCAL  DENSITY 
INT  RATE 

PWR 


-  latitude  in  radians 

-  Longitude  in  radians 

-  Altitude  in  feet 

-  Density  of  A/C  within  30  nmi  of  TCAS 

-  DABS  interrogations  per  second  transmitted  by  the 
TCAS  unit 

-  TCAS  transmission  power  at  transmitter  (watts) 
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60. 


Figure  C-1.  location  of  TCAS-equipped  aircraft  that  experienced  interference- 
limiting?  Density  =  0.159  A/C  per  square  nmi ,  25%  DABS  (11% 

TCAS ) •  See  TABLE  C-1. 


C-3 


DOT/FAA/RD-81 / 1 06 


Appendix  C 


60. 


Figure  C-2.  Location  of  TCAS -equipped  A/C  that  experienced  interference  - 
limiting;  Density  =  0.159  A/C  per  square  nmi ,  25%  DABS  (25% 

TCAS).  See  TABLE  C-3. 
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60. 


Figure  C-3.  Location  of  TCAS-equipped  A/C  that  experienced  interference- 
limiting;  Density  =  0.08  A/C  per  square  nmi ,  25%  DABS  (25% 

TCAS).  See  TABLE  C-6. 


C-5 


DOT/FAA/RD-81/ 1 06 


Appendix  C 


60. 


TOTAL  NUMBER  OF  TCAS  = 

87 

NUMBER  OF  TCAS 

THAT  EXPERIENCE 

INTERFERENCE-LIMITING  = 

58 

Figure  C-4.  I/ication  of  TCAS-equipped  A/C  that  experienced  interference  - 
limiting;  Density  =  0.08  A/C  per  square  nmi,  54%  DABS  (25% 

TCAS ) .  See  TABLE  C-8, 
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APPENDIX  D 
MODEL  DESCRIPTION 


GENERAL 


The  computerized  model  used  to  simulate  TEAS  operation  in  the  DABS/ ATCRBS 
environment  consists  of  a  statistical  TCAS  submodel  merged  with  the 
deterministic  ECAC  DABS /ATCRBS /AIMS  Performance  Prediction  M^del  (PPM)  .a  The 
model  is  coded  in  FORTRAN  V  and  its  predictions  are  computed  using  a  Univac 
1110  computer  at  EE  AC  •  The  DABS/ ATCRBS/ AIMS  PPM  consists  of  a  number  of 
subroutines  that  simulate  the  operation  of  DABS  and  ATCRBS  sensors  and 
transponders.  The  performance  of  an  interrogator  of  interest  (IQ)  is 
predicted  based  on  computed  transponder  reply  records,  fruit  rates,  and 
targe t-de tection/code -validation  data  tabulated  during  one  complete  revolution 
of  the  IQ  mainbeam. 

The  TCAS  routine  models  the  operation  of  all  the  airborne  TCAS 
interrogators  in  the  environment.  It  generates  average  rates  at  which  TCAS 
emissions  (DABS  interrogations,  ATCRBS  interrogations,  and  suppressions) 
arrive  at  each  airborne  transponder.  These  TCAS  signals  are  then  merged  with 
the  signal  environment  generated  by  the  ground -system  interrogators  to  predict 
transponder  and  interrogator  performance. 

The  combined  model  simulates  TCAS  operation  (both  with  and  without 
interference-limiting)  to  evaluate  the  impact  of  TCAS  on  ground-system 
performance.  A  more  detailed  description  of  the  TCAS  routine  and  the 
DABS/ ATCRBS  PPM  follows. 


aThe  merging  of  the  statistical  TCAS  submodel  with  the  deterministic 
DABS/ ATCRBS/ AIMS  PPM  is  explained  later. 
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DABS/ ATCRBS /A IMS  PPM 

The  DABS /ATCRBS /A IMS  PPM  is  the  basis  for  the  TCAS  modeling  and  analysis 
effort.  The  PPM  was  originally  developed  as  part  of  the  DABS  Spectrum 
Management  Program  to  provide  air-traffic-control  performance  prediction 
capability  in  future  environments  where  ATCRBS  and  the  proposed  DABS  will 
coexist. 

The  DABS/ ATCRBS/ A IMS  PPM  is  a  time-event-store  computer  algorithm  that 
uses  the  known  deployed  equipment  locations  and  characteristics  (ATCRBS 
interrogators,  DABS  sensors,  and  airborne  transponders)  to  simulate  air- 
traffic-control  operations,  and  to  evaluate  system  performance.  The  model 
consists  of  a  number  of  subroutines  that  are  discussed  below.  The  standard 
input  characteristics  consist  of  the  two  basic  categories  listed  in  TABLE  D-1. 


TABLE  D-1 

DABS/ ATCRBS/ A IMS  PPM  INPUTS 


Sensor/ Interrogator  Environment 
Latitude 
Longitude 

Site  Elevation/ Antenna  Height 
Output  Power 
Receiver  Sensiti vi ty 
Sidelobe  Supression  Type 
Pulse  Repetition  Frequency 
Mode  Interlace 
Antenna 

Mainbeam  Gain/Width 
Sidelobe  Gain/Width 
Backlobe  Gain/Width 
Scan  Rate 


Transponder  Environment 
Latitude 
Longitude 
Altitude 
Output  Power 
Receiver  Sensitivity 
Mode  Capability 
Antenna  Type 
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DABS/ ATCRBS/ AIMS  ALGORITHMS 


Input 


The  simulation  cycle  for  the  DABS/ATCRBS/AIMS  PPM  is  one  pulse-repetition 
period  ( PRP)  of  the  interrogator -of -interest,  IQ.  For  DABS  sensors,  one  PRP 
is  defined  as  the  time  between  transmissions  of  all-call  interrogations.  A 
flow  diagram  of  the  DABS/ATCRBS/AIMS  PPM  is  shown  in  Figure  D-1 .  Subroutine 
INPUT,  shown  in  the  figure,  performs  the  basic  functions  of  compiling  input 
data,  performing  the  interrogator-file  radius  cull,  and  ordering  of  the 
environmental  data  into  the  appropriate  arrays  for  efficient  access  by  later 
routines. 

Channel  Management 


The  main  loop  of  program  execution  begins  in  subroutine  ACTIVE.  In 
ACTIVE,  all  DABS  sensors  search  their  active  target  list  to  determine  which 
targets,  based  on  last  reported  range  and  azimuth,  are  expected  to  be  in  the 
mainbeam  during  the  present  simulation  cycle.  The  active  target  list  is 
constructed  for  all  DABS  sensors  in  the  simulated  environment.  The  target- 
list  update  is  based  on  the  results  of  past  discretely  addressed  transactions 
attempted  with  DABS-equipped  aircraft. 

DABS  Scheduling 

After  completing  the  channel  management  portion  of  the  program  in 
subroutine  ACTIVE,  program  control  is  passed  to  subroutine  ROLCAL.  ROLCAL 
establishes  the  all-call  and  roll-call  interrogation  times  for  the  present 
simulation  cycle.  Roll-call  transactions  are  scheduled  to  the  appropriate 
targets  in  decreasing  range  order  and  are  spaced  so  as  to  avoid  a) 
synchronous  garble  and  b)  overlapping  of  the  transmitted  and  received 
signals • 


D-3 


DOT/FAA/RD-81/106 


Appendix  D 


Figure  D-1 •  Flow  chart  of  DABS  PPM  major  submodel  functions. 
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Uplink  Power  Cull 


The  arrival  times  of  all  interferring  interrogations  and  suppressions 
from  all  ground  sensors  at  each  DABS-  or  ATCRBS- equipped  aircraft  in  the  I 
mainbeam  are  established  in  subroutines  DABINT  and  P1-P2,a  First,  the 
coupling  between  each  ground  sensor  and  each  IQ  mainbeam  A/C  is  determined, 
based  on  the  sensor  rotation  rate  and  the  elapsed  time  from  the  last 
simulation  cycle.  Subroutine  PLOSS  is  accessed  to  calculate  the  received 
signal  strength  at  the  transponder,  based  on  free-space  path  loss  plus  over- 
the-horizon  attenuation,  sensor  output  power,  cabling  losses,  and  sensor  and 
aircraft  antenna  gains.  If  the  signal  level  is  greater  than  the  transponder 
sensitivity,  the  interrogation  time  or  sidelobe  suppression  time  is  stored  in 
the  appropriate  array. 

Transponder  Models 


Subroutine  OVRLAP  simulates  the  operation  of  the  transponder.  For  either 
a  DABS-  or  ATCRBS -equipped  aircraft,  the  arrival  time  of  the  IQ  interrogation 
is  compared  with  the  arrival  times  of  each  type  of  interfering  siqnal  (other 
interrogation  or  SLS),  OVRLAP  then  determines  whether  the  IQ  interrogation 
siqnal  is  decoded  depending  on  the  dead  time  attendant  to  each  interfering 
signal.  Overlapping  inteference  signals  are  assumed  to  garble  desired  signals 
to  the  extent  that  they  cannot  be  decoded  regardless  of  the  relative  power 
differential.  Other  interference  devices,  such  as  false  sidelobe  suppressions 
and  intermode  garble,  are  also  checked  by  the  transponder  model.  The  model 
then  prints  out  the  reply  arrival  times  at  I  generated  by  the  signal 
environment  for  all  replies  that  pass  the  downlink  power  cull.  These  times 
are  based  on  the  transmission  time  of  the  interrogation,  the  two-way 
propagation  time,  and  the  processing  time  at  the  transponder. 


aThe  mainbeam  dwell  of  aircraft  for  both  the  Long  Beach  ATCRBS  interrogator 
and  the  LAX4  DABS  sensor  was  0,051  seconds. 
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Downlink  Power  Cull 


The  calculation  of  nonsynchronous  reply  arrival  times  is  accomplished  in 
subroutines  FRUIT  and  SLFRT,  with  FRUIT  determining  IQ  mainbeam  arrival  times 
and  signal  strengths  and  SLFRT  performing  the  same  operations  for  the  IQ 
side lobes  and  backlobe.  The  model  calculates  the  arrival  time  and  signal 
strength  of  fruit  replies  to  the  IQ.  Those  replies  that  are  received  above 
the  sensors  MTL  (typically  -86  dBm)  are  retained  for  the  processor  routines. 

DABS  Processor 


Several  target  evaluators  are  built  into  the  model  to  accommodate 
variations  in  the  types  of  FAA  processors.  The  basic  routine  is  subroutine 
PROCES,  which  simulates  the  processing  of  DABS  all-call  and  roll-call 
replies.  PROCES  receives  arrival  times  of  each  type  of  reply,  both 
synchronous  and  nonsynchronous  fruit,  entering  the  processor.  The  fruit 
arrival  times  are  compared  for  overlaps,  and  a  determination  is  made  as  to 
whether  the  valid  replies  are  decoded  correctly  (based  on  the  location  and 
length  of  the  error,  the  type  of  overlapping  reply,  and  the  relative  signal 
strengths ) . 

ATCRBS  Processor 


The  simulation  of  the  ATCRBS  processor,  subroutine  ATEVAL,  maintains  hit 

and  miss  counts  for  each  in-process  target,  and  correlates  replies  whose  time- 

of -arrival  places  them  in  the  range  bin  appropriate  to  the  type  of  processor 

used  with  the  I  .  The  times-of-arrival  are  also  used  to  determine  reply 
o 

overlaps.  Garble  flags  are  maintained  for  each  target  in  the  course  of 
simulating  code  validation  processes. 


ATCRBS  MODE  OF  DABS  PROCESSOR 


The  primary  differences  between  target  detection  for  the  ATCRBS  processor 
associated  with  the  DABS  sensor  and  the  traditional  ATCRBS  processor  are 
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azimuth  determination  via  monopulse  and  target-to-track  correlation.  Because 
amplitude-monopulse  azimuth  determination  can  be  accomplished  with  a  single 
pulse,  the  number  of  desired  target  replies  can  be  minimised.  Improved  target 
records  can  be  obtained  via  the  target-to-track  update  process. 

Approximately  six  ATCRBS-Only  interrogations  will  be  transmitted  during 
the  mainbeam  dwell  time  of  a  DABS  sensor.  These  replies  are  correlated  in 
range,  azimuth,  and  high-confidence  code  bits  to  obtain  target  declaration  and 
code  estimates.  Target  parameters  are  updated  on  each  scan  based  on  the  new 
target  formations. 

Output 


The  model  outputs  are  summarized  in  TABLE  D-2.  The  outputs  from  the  DABS 
and  ATCRBS  target  processors  are  fed  back  to  the  beginning  of  the  simulation 
cycle,  subroutine  ACTIVE.  Another  cycle  is  then  initiated,  based  on  the 
completion  of  roll-call  transactions,  the  acquisition  of  new  tarqets  by  all- 
call,  and  the  transition  of  old  targets  out  of  the  mainbeam  of  the  IQ. 

TCAS  SIMULATION  ROUTINE 


The  performance  predictions  computed  using  the  DABS/ ATCRBS/ A IMS  PPM  are 
based  on  environmental  interrogator/transponder  interactions  tabulated  during 
one  complete  scan  (4.62  seconds  for  both  LAX-4  and  Long  Beach)  of  the  selected 
interrogator -of-interest  ( I  ) •  Each  transponder's  reply  history  is  computed, 
in  its  entirety,  based  on  its  reply  record  to  IQ  during  the  IQ  mainbeam  dwell 
(0.051  seconds).  During  this  interval  of  time,  any  terminal  area  transponder 
distribution  could  not  shift  in  such  a  way  that  would  result  in  a  significant 
change  in  TCAS  transmission  rates.a  A  statistical  TCAS  submodel  was  therefore 
developed  to  provide  the  DABS/ ATCRBS /A IMS  PPM  with  arrival  rates  of  TCAS  and 
RBX  signals  at  each  transponder  in  the  modeled  environment.  This  is 
accomplished  by  establishing  arrays  that  store  the  arrival  rates  of  four  types 


aThe  maximum  terminal  area  aircraft  speed  is  about  300  nmi/hr. 
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TABLE  D-2 

DABS/ ATCRBS/ AIMS  PPM  OUTPUTS 

Transponder  Performance 

Probability  of  reply  to  the  IQ  for  each  aircraft 
Target  run  lengths 
Reply  histories 

Reply  arrival  times 

Location  of  missed  relies  in  run  length 
Cause  of  missed  replies 
Identity  of  interferer 

In terrogator-of -Interest  Performance 

Fruit  rate  after  each  simulation  cycle 
ATCRBS 
All  call 
Roll  call 

Fruit  reply  times  and  garbles 
Valid  reply  times 
ATCRBS  target  detection  summaries 
Target  declaration 
Code  validation  indicator 
Azimuth  and  range 
Target  start  and  end  azimuths 
DABS  transactions 
Reply  times 
Garble  conditions 
Azimuth  and  range 
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of  signals  that  may  arrive  at  each  transponder  from  the  deployed  TCAS  and 
RBX.  The  four  signal  types  are: 

1 .  ATCRBS  interrogations 

2.  ATCRBS  suppressions 

3.  DABS  interrogations  with  the  address  of  the  DABS  target  transponder 

4.  DABS  interrogations  with  an  address  other  than  that  of  the  DABS  tarqet 
transponder. 

The  antenna  couplings  used  in  the  TCAS  submodel  are  illustrated  in  Figure 
D-2.  These  patterns  are  derived  from  measured  data  for  the  Boeing  727 
antenna/airframe  configuration.  Note  that  the  DABS/ ATCRBS/ AIMS  PPM  uses  a 
nominal  transponder  antenna  gain  of  -2.5  dBi. 

Simulation  of  RBX/ TCAS 


The  subroutine  RBXRUN  of  the  TCAS  submodel  simulates  the  DABS  formatted 
signals  that  communicate  between  each  TCAS-equipped  aircraft  and  each  RBX  in 
the  environment.  One  RBX  unit  is  located  at  each  terminal  ATCRBS  site.  The 
RBX  transmits  squitters,  using  a  DABS-formatted  signal,  once  every  4 
seconds.  Each  TCAS-equipped  aircraft  within  25  nmi  of  the  RBX  interrogates 
the  RBX  at  an  average  rate  of  once  every  4  seconds. a  The  path  loss  from  each 
RBX  and  TCAS  to  each  aircraft  in  the  environment  is  calculated  to  determine 
the  RBX/TCAS  signal  arrival  rates.  These  arrival  rates  are  then  stored  in  the 
appropriate  arrays. 

Simulation  of  TCAS/ATCRBS 


TCAS-equipped  aircraft  use  the  4-step  sequence  shown  in  Figure  D-3  to 
interrogate  ATCRBS-equipped  aircraft.  The  peak  power  transmitted  is  250  watts 
(referred  to  the  antenna).  The  sequence  begins  with  the  top  antenna.  A 


aBeyond  25  nmi,  the  TCAS  interrogation  rate  to  RBX  units  was  computed  as 
0.25/(R  x  6  -  144)  per  second,  where  R  is  the  range  in  nmi.  This  results  in 
a  linear  monotonic  decrease  in  the  interrogation  rate  as  a  function  of  range. 
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Figure  D-2. 


Quantized  vertical  antenna  patterns0  assumed  for  TCAS  and 
deployed  aircraft. 


aElevation  angles:  0°  -  directly  above  aircraft,  180°  -  directly  below 
aircraft. 

bAntenna  patterns  derived  from  those  of  a  727  air  frame. 
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Figure  D-3.  TCAS/ATCRBS  mode  transmissions. 
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low-power  interrogation  (-18  dB)  is  followed  by  a  suppression  pulse  pair  (-20 
dB)  approximately  2  ms  later,  that  precedes  by  4  ys  a  second  interrogation  at 
-12  dB.  This  pattern  is  repeated  in  6  dB  steps  until  maximum  interrogation 
power  is  reached.  The  entire  4-step  sequence  is  then  transmitted  from  the 
bottom  antenna.  The  procedure  is  repeated  once  per  second. 

This  technique  of  using  increased  power  interrogations  preceded  by  a 
suppression  pulse  pair  is  used  to  divide  the  surrounding  ATCRBS  aircraft 
population  into  smaller  population  subsets  to  facilitate  efficient  tracking  by 
the  TCAS  computer  system.  This  technique,  referred  to  as  " Whisper - Shou t, "  is 
discussed  in  Reference  5* 

The  basic  task  in  the  simulation  of  the  ATCRBS  mode  of  TCAS  is  path-loss 
calculations  required  to  determine  which  interrogations  or  suppressions  of  the 
sequence  are  received  above  transponder  sensitivity  by  all  aircraft  in  the 
environment.  The  appropriate  suppression  and  interrogation  arrival  rate 
arrays  are  established  accordingly. 

Simulation  of  TCAS/DABS 

TCAS  tracks  DABS-equipped  aircraft  both  in  altitude  and  range.  Each  DABS 
aircraft  transmits  a  DABS-formatted  reply  at  a  minimum  rate  of  once  per 
second.  Initially,  the  TCAS-equipped  aircraft  will  discern  the  presence  of  a 
DABS  aircraft  by  monitoring  replies  containing  the  DABS-equipped  aircraft 
altitude  and  identity.  The  frequency  of  the  TCAS-equipped  aircraft  subsequent 
surveillance  transmissions  to  the  DABS-equipped  aircraft  is  dependent  upon  the 
relative  range  and  altitude  separations  of  the  aircraft.  The  separation- 
distance/TCAS-surveillance  rate  parameters,  and  ECAC’s  modeling  procedures, 
are  discussed  below. 

TWo  DABS  interrogation  arrival  rate  arrays  are  maintained  for  each  DABS- 
equipped  aircraft.  One  contains  arrival  rates  of  DABS  interrogations 
addressed  to  that  particular  aircraft,  and  the  other  contains  arrival  rates  of 
DABS  interrogations  addressed  to  other  DABS  aircraft. 
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The  TCAS  routine  uses  the  following  step-by-step  procedure  to  generate 
the  DABS  signal  environment  at  each  aircraft  due  to  each  TCAS  in  the 
environment : 

1.  Compute  the  power  levels  of  DABS  replies  received  by  the  TCAS  from  all 
other  DABS-equipped  aircraft  and  eliminate  from  consideration  those  aircraft 
whose  replies  are  received  below  the  TCAS-equipped  aircraft  MTL. 

2.  Compute  the  horizontal  and  vertical  boundaries  of  the  TCAS  track 
volume  and  determine  if  the  subject  DABS  aircraft  is  contained  in  this 
volume.  The  vertical  boundary  is  fixed  at  ±5000  feet.  The  horizontal 
boundary  varies  with  the  TCAS-equipped  aircraft  interference-limi ting  state 
which  is  a  function  of  the  local  TCAS-  and  DABS-equipped  aircraft 
distribution.  If  the  TCAS-equipped  aircraft  is  operating  at  full-power ,  the 
horizontal  boundary  extends  to  12.66  nmi.  If  the  TCAS-equipped  aircraft* s 
power  is  reduced  to  125  watts  or  to  31.25  watts  due  to  interference-limiting, 
the  horizontal  boundary  is  reduced  to  7.66  nmi.  If  the  TCAS-equipped  aircraft 
has  reduced  power  by  12  dB  and  still  cannot  satisfy  the  interf erence-limi ting 
inequality,  then  the  horizontal  track  boundary  collapses  to  zero  and  TCAS 
transmissions  cease.  If  the  aircraft  is  within  the  track  volume,  then  it  is 
assumed  the  aircraft  is  in  the  roll-call  state.  The  rate  of  interrogation  is 
computed  to  be  the  number  of  interrogations  made  over  the  10-second  roll-call 
sequence,  divided  by  10.  The  entries  in  the  sequence  shown  in  TABLE  D-3  are 
the  maximum  number  of  interrogations  allowed  to  produce  one  valid  reply  during 
each  1 -second  scan  of  the  10-second  roll-call  sequence. 

1  ? 

The  results  of  a  Lincoln  Laboratory  computer  analysis  giving  the 
probability  of  successfully  decoding  a  DABS  reply  as  a  function  of  both  the 


^McDonald,  T.  S. ,  BCAS  DABS  Reply  Processing  Performance  Analysis,  Report  No. 
42W-5062,  Massachusetts  Institute  of  Technology,  Lincoln  Laboratory,  Lexing¬ 
ton,  MA,  8  October  1976. 
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fruit  level  which  is  related  to  the  local  aircraft  density  (within  30  nmi)  and 
received  power  levela  was  used  in  the  procedure  described  above  (and  in  the 
following  steps).  The  results  of  that  analysis,  as  presented  in  Reference  2, 
are  shown  in  Figure  D-4.  As  an  example,  consider  an  aircraft  at  a  range 


TABLE  D-3 

ROLL  CALL  SCAN/ INTERROGATION  CONSTRAINTS 


Scan 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


Maximum  Number  Of 
Interrogations 
5 
4 
3 
2 
2 
2 
2 
2 
2 
2 


of  5  nmi  and  assume  that  its  replies  to  TCAS  transmissions  are  received  at  -60 
dBm.  Furthermore,  assume  that  the  local  aircraft  density  is  0.12  aircraft  per 
square  nmi.  Then  the  probability  of  correctly  receiving  a  reply  is,  from 
Equation  D-1,  P12  =  PQ  (-60.0)  x  PQ6  (-60  -  10(log  2))  »  0.77. 


At  this  point,  the  model  computes  the  required  interrogation  rate  to  this 
transponder  to  elicit  1  reply  per  second.  This  is  accomplished  using  Monte 
Carlo  techniques  in  conjunction  with  the  probability  of  decode,  and  the 
scan/interroqation  table. 


aEach  aircraft  was  assumed  to  transmit  150  fruit  replies  per  second.  Fruit 
replies  from  aircraft  at  ranges  of  up  to  about  30  nmi  are  received  at  a  TCAS 
above  MTL,  and  are  the  signals  that  predominate  in  garbling  elicited  replies 
to  the  extent  that  they  cannot  be  decoded.  This  rate  was  selected  based  on 
the  average  ATCRBS  interrogation  rate  (about  200/s)  computed  using  the 
DABS/ ATCRBS /AIMS  PPM. 
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RECEIVED  POWER  AT  ANTENNA  IN  dBm 


Figure  D-4.  Assumed  probability  for  correctly  receiving  a  reply  (px) 
as  a  function  of  received  power  for  aircraft  densities  of 
0  (Pq)  and  0.06  (Pq^)  aircraft/sq.  nmi.a 

P  =  Pn  (P)  x  P  (P  -  10  ( log  — — ))  (D-1) 

x  0  06  .06 


where 


Px  =  probability  of  reply  detection 

P  =  received  power  at  antenna  (dBm) 


Pq  =  probability  of  detection  at  0  density 

P06  =  probability  of  detection  at  .06  density 


x  =  aircraft  density  (aircraft/sq.  nmi ) 


aNote  that  the  Pq^  curve  is  shifted  to  the  right  by  3  dB  from  the  Reference  2 
curve  to  reflect  the  deletion  of  error-correction  coding  from  the  TCAS/DABS 
reply  data  field. 
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3.  If  the  DABS  aircraft  is  within  the  vertical  boundary  but  outside 
the  horizontal  boundary  of  the  track  volume,  calculate  the  "Time  of  Earliest 
Encounter,"  TE,  ( TE  =  range /maximum  closure  rate).  The  closure  rate  is 
defined  to  be  600  nmi/hr  for  all  terminal  area  encounters.  If  TE  is  less  than 
76  seconds  ( TE  <76  corresponds  to  a  range  separation  of  less  than  12.66  nmi), 
the  aircraft  is  assumed  to  be  roll-called  as  described  above. a  If  TE  is 
greater  than  76  seconds,  the  aircraft  will  be  either  interrogated  for 
acquistion  and/or  placed  in  dormancy  for  a  period  of  TE-70  seconds  (TE-40  if 
limited).  Ihe  acquisition/dormancy  interrogation  sequence  is  described  below 
in  step  4. 


4.  Ihe  rate  at  which  TCAS  will  interrogate  aircraft  through 
acquisition  interrogation  is  computed  as  follows.  There  are  4  acquisition 
trials  consisting  of  six  1-second  scans.  The  maximum  interrogator  failures 
for  a  given  trial/scan  are  shown  in  TABLE  D-4. 


TABLE  D-4 

ACQUISITION  SCAN/TRIAL  INTERROGATION  CONSTRAINTS 


SCAN 

1 

ACQUISITION 

2 

TRIAL 

3 

4 

1 

3 

2 

1 

1 

2 

3 

2 

1 

0 

3 

3 

2 

1 

0 

4 

0 

0 

0 

0 

5 

0 

0 

0 

0 

6 

0 

0 

0 

0 

aIf  the  TCAS-equipped  aircraft  is  in  an  interference-limiting  state,  replace 
76  with  46. 
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The  model  uses  1)  the  test  data  mentioned  above  (Reference  13)  and  the 
received  aircraft  signal  level  to  compute  the  probability  of  decode,  and  2) 
the  acquisition  trial/scan  table  to  compute  the  resultant  acquisition 
interrogation  rate. 

Initially  the  model  computes  the  length  of  time  (TS)  required  for  a  TCAS- 
equipped  aircraft  to  receive  two  correlating  decodable  replies  separated  by 
less  than  41  seconds. a  If  after  three  iterations  of  this  procedure,  two 
correlating  replies  from  an  aircraft  have  not  been  decoded,  the  acquisition 
interrogation  rate  to  that  aircraft  is  assumed  to  be  zero.  For  aircraft  whose 
replies  are  correlated,  the  following  procedure  is  used.  Acquisition 
interrogations  are  transmitted  in  accordance  with  the  acquisition  trial/scan 
table.  For  example,  in  the  first  scan  of  the  first  trial  as  many  as  four 
interrogations  may  be  transmitted,  one  successful  and  three  unsuccessful.  If 
two  successful  interrogations  are  made  in  any  given  scan,  or  one  successful 
interrogation  is  made  during  any  given  6-scan  trial, b  acquisition  terminates 
and  the  aircraft  is  placed  in  dormancy  for  a  period  TD  of  TE-70  (TE-40  if 
limited)  seconds.  If  no  decodable  replies  are  elicited  during  any  given  6- 
scan  trial,  the  TCAS-equipped  aircraft  waits  for  a  period,  TH,  up  to  40 
seconds  to  detect  a  squitter  reply  or  a  reply  elicited  by  another  TCAS 

interrogator  from  that  aircraft.  If  no  decodable  replies  are  received,  then 

two  correlating  replies  separated  by  less  than  41  seconds  are  required  to 

begin  a  new  acquisition  sequence.  If  a  decodable  reply  is  received,  the  trial 

counter  is  incremented  and  the  following  6-scan  trial/failure  entries  are 
used. 


Ihe  three  cases  discussed  below  summarize  the  averaging  techniques  used 
to  compute  the  appropriate  acquisition  interrogation  rates  for:  1)  aircraft 


aA  target  is  purged  from  surveillance  processing  if  a  second  correlating  reply 
is  not  received  within  40  seconds  of  the  first  reply.  These  replies  may  be 
either  replies  elicited  by  another  TCAS-equipped  aircraft  or  unelicited 
replies  (squitter ) . 

^A  6-scan  interrogating  sequence  is  terminated  only  if  two  replies  are 
received  during  a  single  scan. 
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that  are  acquired  and  placed  in  dormancy;  2)  aircraft  purged  from  acquisition 
between  trials;  and  3)  aircraft  that  are  not  acquired  and  not  purged. 

The  acquisition  interrogations  rate,  R^,  to  aircraft  beyond  the  track 
volume  were  computed  as  follows: 

CASE  1  For  aircraft  acquired  and  placed  in  dormancy 


V<xs  -  td  ♦  I  T  > 
1  =  1 


where 


Hi 


acquisition  interrogation  rate  (per  second) 
number  of  acquisition  interrogations 

number  of  elapsed  interrogation  scans  (1  scan  is  1  second) 
dormancy  time  (seconds) 

time  (seconds)  between  each  trial  until  squitter  reply  (or 
reply  elicited  by  other  TCAS)  is  received,  where  n  denotes 
number  of  elapsed  trials.  Note  that  the  sum  goes  to  n 
whereas  between  n  trials  there  are  only  (n-1)  squitter 
waiting  periods.  The  extra  waiting  period  corresponds  to 
the  waiting  time  following  dormancy  necessary  to  detect 
another  squitter  reply  and  thus  trigger  repetition  of  the 
procedure. 


CASE  2  For  aircraft  that  are  not  acquired  and  the  4-trial  sequence  is 
terminated  with  less  than  4  trials  due  to  failure  to  detedt  a  squitter  reply 
between  any  given  trial. 


R 


Ts 


=  V{Ns 


l 


i  =  1 


Hi 


Ts) 


=  length  of  time  (seconds)  required  for  a  TCAS-equipped 
aircraft  to  receive  two  correlating  decodable  replies 
separated  by  less  than  41  seconds.  This  time  is  included. 
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since  the  aircraft  is  purged  from  surveillance  processing  if, 
after  40  seconds,  a  squitter  reply  is  not  decoded.  Two 
correlating  replies  separated  by  less  than  41  seconds  are 
then  required  to  repeat  the  procedure.  All  other  terms  are 
defined  under  CASE  1  above. 

CASE  3  For  aircraft  that  are  not  acquired  and  the  4-trial  sequence  is 
completed  without  receipt  of  an  elicited  reply. 

4 

=  19/(N  +  y  T  ) 

s  i  :  1 

=  maximum  number  of  interrogations  during  the  4-trial/6-scan 
sequence.  All  other  quantities  are  defined  under  Case  1 
above.  Following  the  trial  counter  is  set  equal  to  1  and 

the  trial/scan  sequence  is  repeated. 

Interf erence-Limi ting 

The  TCAS  model  will  initally  assume  a  peak  TCAS  output  power  of  250  watts 
at  the  antenna.  The  number  of  DABS  interrogations  and  ATCRBS  interrogations 
made  by  a  TCAS-equipped  aircraft  are  counted  as  well  as  the  number  of  TCAS- 
equipped  aircraft  within  squitter  range. a  Substituting  these  computed 
quantities  into  the  TCAS  interference-limiting  equation,  Equation  1,  the  TCAS 
submodel  determines  if  power  should  be  reduced.  If  so,  power  and  sensitivity 
are  reduced  by  6  dB  and  the  entire  procedure  is  repeated.  If  the  inequality 
is  not  satisfied  after  two  6  dB  reductions,  then  collision-avoidance  activity 
for  that  particular  TCAS-equipped  aircraft  is  terminated.13 

It  should  be  noted  that  the  TCAS  submodel  is  cycled  twice  for  each 


R 

A 

19 


aTCAS-equipped  aircraft  within  squitter  range  refers  to  those  aircraft  whose 
replies  are  received  at  a  power  level  such  that  a  reply  may  be  decoded  at 
least  once  every  40  seconds. 

^According  to  design,  the  inequality  is  tested  on  a  second-by-second  basis. 
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simulation.  This  is  necessary  to  generate  accurate  acquisition  interrogation 
rates.  As  mentioned  above,  replies  are  monitored  by  TCAS-equipped  aircraft 
and  serve  to  initiate  and  continue  the  acquisition  procedure.  These  replies 
include  not  only  the  1/s  minimum  squitter  reply  rate  but  also  those  replies 
elicited  by  other  TCAS-equipped  aircraft.  Therefore,  the  first  simulation 
cycle  is  desiqned  strictly  to  determine  the  average  reply  rate  of  each  DABS- 
equipped  transponder  in  the  selected  environment. 

Model/Submodel  Interface 


The  computed  steady-state  TCAS  signal  environment  is  then  merged  with  the 
DABS/ ATCRBS/ AIMS  PPM  by  randomly  scheduling  (uniform  distribution) 
transmission  times.  A  flow  diagram  of  the  TCAS  simulation  routine  is  shown  in 
Figure  D-5. 
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Figure  D-5. 


TCAS  flow  diagram. 
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